
60 ANCHORAGE DATA AND EVALUATION PROCEDURE

61● INTRODUCTION

The purpose of this chapter is to:

● Provide ageneral descriptionofthe anchorageevaluation procedure,

● Provide generic information on the various equipment classes forusein anchorage
evaluations,

● Provide nominal allowable capacities forcertain types ofanchors, and

● Describe anchor-specific inspection checks and capacityreduction factors.

Thefourmain steps forevaluatingthe seismic adequacy ofequipmentanchorage include:

1 ● Anchorage Installation Inspection (Section 6.2)

2 ● Anchorage Capacity Determination (Section 6.3)

3 ● Seismic Demand Determination (Section 6.4)

4 ● Comparison of Capacity to Demand (Section 6.5)

This chapter is organized with an evaluation of the installation adequacy and attributes of the
anchorage given first. Next, the anchorage capacity is determined in Sections 6.3.1 to 6.3.9 and
the steps in the capacity determination are grouped by the following anchor types:

Expansion Anchors

Cast-In-Place Bolts and Headed Studs

Cast-In-Place J-Bolts

Grouted-In-Place Bolts

The following two other anchor types are evaluated using separate procedures in Section 6.3.10:

Welds to Embedded Steel or Exposed Steel

Lead Cinch Anchors

Section 6.3 contains the main steps in the procedure for evaluating the seismic capacity of
equipment anchorage. The sections contain a table of nominal allowable load capacities along with
anchor-specific inspections which should be performed. In some cases a capacity reduction factor
is given which maybe used to lower the nominal allowable load capacities if the inspection check
reveals that the installation does not meet the minimum guidelines.

Section 6.4 contains generic equipment characteristics for anchorage demand evaluations for use
when equipment-specific data is not available for equipment mass, natural frequency, or darnping.
In addition, an approximate technique for scaling in-structure response spectra by their damping
ratios is provided.

1 Based on Sections C-Introduction and 4.4 of SQUG GIP (Ref. 1)
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The material in this chapter is based on the information contained in Reference 41. The SCES
should not use the material contained in this chapter unless they have thoroughly reviewed and
understood Reference 41.

Adequate anchorage is almost always essential to the survivability of an item of equipment. Lack
of anchorage or inadequate anchorage has been a significant cause of equipment failing to fimction
properly during and following past earthquakes. The screening approach for evaluating the
seismic adequacy of equipment anchorage is based upon a combination of inspections, analyses,
and engineering judgment. Inspections consist of measurements and visual evaluations of the
equipment and its anchorage; supplemented by use of facility documentation and drawings.
Analyses should be performed to compare the anchorage capacity to the seismic loadings (demand)
imposed upon the anchorage. These analyses should be done using the guidelines contained in this
chapter. Engineering judgment is also an important element in the evaluation of equipment
anchorage. Guidance for making judgments is included, where appropriate, in this chapter and in
anchorage reference documents.

There are various combinations of inspections, analyses, and engineering judgment which can be
used to evaluate the adequacy of equipment anchorage. The SCES should select the appropriate
combination of elements for each anchorage installation based on the information available. For
example, a simple hand calculation maybe sufficient for a pump which has only a few, very
rugged, anchor bolts in a symmetrical pattern. On the other hand, at times it maybe advisable to
use computer codes to determine the loads applied to a multi-cabinet motor control center if its
anchorage is not symmetrically located. Likewise a trade-off can be made between the level of
inspection performed and the factor of safety used for expansion anchor bolts. These types of
trade-offs and others are discussed in this chapter.

This chapter describes the main steps for evaluating the seismic adequacy of anchorage. In some
cases, specific inspection checks and evaluations apply to only certain types of anchors. Section
13.2 describes Screening and Evaluation Work Sheets (SEWS) which can be used as checklists to
evaluate that all the appropriate steps in the anchorage evaluation procedure have been completed.

It is not necessary to perform an anchorage evaluation for in-line valves which are discussed in
Sections 8.2.1 and 8.2.2. Likewise temperature sensors, which are discussed in Section 8.1.10,
are relatively light, normally attached to another piece of equipment, and do not need an anchorage
evaluation.

62● ANCHORAGE INSTALLATION INSPECTION

6.2.1 Installation Adequacy and Attributes

To evaluate the seismic adequacy of anchorage, the anchorage installation and its connection to the
base of the equipment should be checked. This inspection consists of visual checks and
measurements along with a review of facility documentation and drawings where necessary. All
accessible anchorage should be visually inspected. All practicable means should be tried to inspect
inaccessible anchorage or those obstructed from view if they are needed for strength to secure the
item of equipment or if they secure equipment housing essential relays (to avoid impact or
excessive cabinet motion). For example, it is not considered practicable to resort to equipment
disassembly or removal to inspect inaccessible anchorage. The basis for the engineering judgment
for not performing these inspections should be documented.

2 Based on Section 4.4.1 of SQUG GIP (Ref. 1)
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Several general installation checks should bemadeofthe mchorage. Forwelds, avisual checkof
the adequacy of the welded joint should be performed. For bolt or stud installation, a visual check
should be made to determine whether the bolt or nut is in place and uses a washer where
necessary. Oversized washers or reinforcing plates are recommended for thin equipment bases.
Lock washers are recommended where even low-level vibration exists. For expansion anchors, a
tightness check should be made to detect gross installation defects (such as oversized concrete
holes, total lack of preload, loose nuts, damaged subsurface concrete, and missing plug for shell
types) which would leave the anchor loose in the hole. The checks to be made on expansion
anchors are discussed in detail in Section 6.3.9.

A check of the following equipment anchorage attributes should be made:

●

●

●

●

●

●

●

●

●

●

●

●

●

●

Equipment Characteristics (i.e., estimation of mass, center of gravity location, natural
frequency, damping, and equipment base overturning moment center of rotation) (see Section
6.4.1)

Type of Anchorage (see Sections 6.3.1 and 6.3.2)

Size and Location of Anchorage (see Section 6.2.2)

Equipment Base Stiffness and Prying Action (see Section 6.2.4)

Equipment Base Strength and Structural Load Path (see Section 6.2.5)

Embedment Steel and Pads (see Section 6.2.6)

Embedment Length (see Section 6.3.3)

Gap at Threaded Anchors (see Section 6.2.3)

Spacing Between Anchors (see Section 6.3.4)

Edge Distance (see Section 6.3.5)

Concrete Strength and Condition (see Section 6.3.6)

Concrete Crack Locations and Sizes (see Section 6.3.7)

Essential Relays in Cabinets (see Section 6.3.8)

Installation Adequacy (see Section 6.3.9. 1)

Not all of these attributes are applicable to all types of anchors. General guidelines for performing
the checks are provided in the sections provided in the list. Engineering judgment should be
exercised when making these checks. For example, it is not necessary to measure the spacing
between anchor bolts if it is obvious they are much farther apart than the minimum spacing
guidelines.
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6.2.2 Size and Location of Anchors@

The size of the anchors and the locations where they secure the item of equipment to the floor or
wall are key parameters for establishing the capacity of the anchorage for that item of equipment.
The nominal allowable capacities are listed according to the diameter of the anchor. Diameter is
also used as a key parameter for defining the minimum embedment length, spacing between
anchors, and edge distance. The number and location of the anchors which secure an item of
equipment determine how the seismic loadings are distributed among all the anchors. Note that the
nominal allowable capacities also apply to anchors in the tension zone of concrete; e.g., on the
ceiling. Anchors in damp areas or harsh environments should be checked for corrosion
deterioration if heavy surface rust is observed.

6.2.3 Ga~ at Threaded Anchorsq

The size of the gap between the base of the equipment and the surface of the concrete should be
less than about 1/4 inch in the vicinity of the anchors (as illustrated in Figure 6.2-1). This
limitation is necessary to prevent excessive flexural stresses in the anchor bolt or stud and
excessive bending moments on the concrete anchorage when shear loads are applied. Expansion
anchors may have low resistance to imposed bolt bending moment which might result from gaps
between base and floor. Anchorage with gaps larger than about 1/4 inch should be classified as
outliers and evaluated in more detail. Guidance on resolving anchorage outliers is provided in
Reference 78.

There should be no gap at the bolt or stud anchor locations for equipment containing essential
relays. Gaps beneath the base of this equipment are not allowed since they have the potential for
opening and closing during earthquake load reversals. This may create high frequency impact
loadings on the equipment and any essential relays mounted therein could chatter.

The gap size can be checked by performing a visual inspection; a detailed measurement of the gap
size is not necessary. The check for the presence of essential relays in equipment can be done in
conjunction with the Relay Functionality Review described in Chapter 11.

6.2.4 Base Stiffness and PrvinE Actions

The base and anchorage load path of the equipment should be inspected to confirm that there is
adequate stiffness and there is no significant prying action applied to the anchors. One special case
of base flexibility is base vibration isolation systems. Guidelines for evaluating base vibration
isolators are included at the end of this section.

There are two main concerns with the lack of adequate stiffness in the anchorage and load path.
First, the natural frequency of the item of equipment could be lowered into the frequency range
where dynamic earthquake loadings are higher. Second, the cabinet could lift up off the floor
during an earthquake resulting in high frequency impact loadings on the equipment, and any
essential relays mounted therein could chatter.

Prying action can result from eccentric loads within the equipment itself and between the equipment
and the anchors. The concern is that these prying actions can result in a lack of adequate stiffness
and strength and in additional moment loadings within the equipment or on the anchors.

3 Based on Section 4.4.1- Check 3 of SQUG GIP (Ref. 1)
4 Based on Section 4.4.1- Check 6 of SQUG GIP (Ref. 1)
5 Based on Section 4.4.1- Check 12 of SQUG GIP (Ref. 1)
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Thin framing members and clip angles may lack the strength and stiffness required to transfer loads
to anchor bolts. Stiff load paths with little eccentricity are preferable for anchorage. Equipment
constructed of sheet metal, such as motor control centers, switchgear, and instrumentation and
control cabinets, is susceptible to these effects and should be carefidly inspected for lack of
stiffness and prying action. Figure 6.2-2 shows examples of stiff and excessively flexible
anchorage connections with prying action. In Example “A” of this figure, the thin sheet metal may
easily bend during uplift of the cabinet.

This unacceptable condition may be corrected by weldingthe outside edge of the cabinet base to the
embedded steel as shown in Example “C”. Care should be taken during welding to avoid burning
through the thin sheet metal frame of the cabinet. Example “B” shows a thin sheet metal base
which can also easily bend during uplift. This unacceptable condition may be corrected by adding
a thick metal plate under the nut of the anchor bolt so that the effective thickness and size of the
base is similar to the bottom leg of the structural angle shown in Example “D”. Note that the
prying effect of the eccentric load on the anchor bolt in Example “D” should be considered.
Likewise, if the weld in Example “C” is actually nearer the edge of the embedded plate rather than
at the center as shown, then prying andlor bending will be present in the embedded plate. Thin
cabinet bases should be reinforced with angle framing so that seismic loads maybe transferred to
anchor points. In addition, oversized washers are required when anchors are bolted directly
through thin sheet metal bases.

Heavy components that are mounted on upright channel sections may rely on weak-way bending
of the channel to transfer shear loads to the anchorage. Unstiffened, light-gage channels may not
have sufficient strength to handle this load transfer.

The checks for adequate stiffness and lack of prying action require considerable engineering
judgment and can be done by a visual inspection of the anchorage installation. SCES should also
review by visual inspection the entire anchorage load path of the equipment for adequate stiffness.
If the base is flexible or if prying action could occur, then the SCES should exercise their judgment
to lower the capacity of the anchorage accordingly.

If the equipment is mounted on a base vibration isolation system, then the isolators should be
evaluated for seismic adequacy using the following guidelines. Base vibration isolators are
vulnerable to failure during an earthquake for several reasons. Vibration isolators consisting
primarily of one or several springs have failed during earthquakes when the springs could not
resist lateral loads. Isolators manufactured of cast iron can shatter when subjected to earthquakes.
Rubber and elastomer products in isolators can fail when bonding adhesives or the material itself
fails. Other isolators have steel sections surrounding the spring element which at first appear stout;
however, detailed review can reveal that seismic loads may be carried through small fillet or tack
welds and through flat bearing plates which bend along their weak axis.

For abase vibration isolator system to be acceptable for seismic loads, the isolator system should
have a complete set of bumpers to prevent excessive lateral movement in all directions. The
bumpers should not only prevent any excessive lateral movement and torsion, but a positive
method of resisting uplift should also be provided other than the springs themselves, or the rubber
or adhesives in tension. If the bumpers do not have elastomeric pads to prevent hard impact, the
effect of that impact on the equipment should be evaluated. (Note: Essential relays should not be
mounted in such equipment.) Isolators which were specifically designed for seismic applications
(not cast iron, unbraced springs, weak elastomers, etc.) maybe accepted, provided suitable check
calculations determine that all possible load combinations and eccentricities within the isolator
itself, including possible impact loads, can be taken by the isolator system.
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6.2.5 Eaui~ment Base Strength and Structural Load PathG

The equipment base and structural load path should be checked to confirm that it has adequate
strength, stiffness, and ductility to transmit the seismic loads from the center of gravity of the
equipment to the anchorage. Several connections and support members may need to be checked in
the evaluation to confirm that the weak link in the load path is addressed, e.g., the channel or stud
embedment, the weld between the embedded steel and the cabinet base, and the connection bolts
between the base of the equipment and its frame members. Friction connections, such as
holddown clips, often pry off or completely slip out-of-place during seismic loading and become
completely ineffective. Adequate anchorage requires positive connection.

This check should include such items as whether a washer is present under the nut or the head of
the bolt, and if not present, whether one is necessary. A washer is not necessary if the base of the
equipment is at least as thick as a standard washer with a hole no larger than the hole in a standard
washer. Another item to check is whether the internal bolting and welds near the base of the
equipment can carry the anchorage loads.

One example of inadequate strength in the equipment base was demonstrated during a shake table
test of a motor control center in which all four comers of the assembly broke loose. The weld
between the base channel and the shake table remained intact; however, the small 5/16-inch bolted
connections between the base channel and the frame of the assembly broke. The check for
adequate strength in the equipment base can be done by a visual inspection of the anchorage
installation. This check should be done in conjunction with Section 6.2.4.

6.2.6 Embedment Steel and PadsT

If an item of equipment is welded to embedded steel or it is mounted on a grout pad or a large
concrete pad, the adequacy of the embedded steel, the grout pad, or the large concrete pad should
be evaluated.

Welds made to embedded steel transmit the anchor load to the embedment. The location of the
weld should be such that large eccentric loads are not applied to the embedded steel. With welded
anchors, the presence of weld bum-through in light-gage steel may indicate a weak connection. In
addition, line welds have minimal resistance to bending moments applied about the axis of the
weld. These moments may occur when there is weld only on one side of a flange. Puddle welds
and plug welds used to fill bolt holes in equipment bases have relatively little capacity for applied
tensile loads. Fillet welds built up across stacked shim plates may appear to be large but have very
small effective throat area and thus low capacity.

If the embedment uses headed studs, the strength criteria should be used together with the generic
guidelines contained in this section. Other types of cast-in-place embedments are not covered in
this procedure and should be classified as outliers. The holding strength of these other types of
embedments may be determined during the outlier evaluation by testing or by application of
generally accepted engineering principles. Engineering judgment should be exercised to establish a
conservative estimate of the concrete failure surface for outlier resolution of these other types of
embedments. Manufacturer’s test information or facility specific test information maybe used in
the outlier resolution of other types of embedments as appropriate. Factors of safety consistent
with this procedure should be followed. Guidance on resolving anchorage outliers is provided in
Reference 78.

G Based on Section 4.4.1- Check 13 of SQUG GIP (Ref. 1)
7 Based on Section 4.4.1- Check 14 of SQUG GIP (Ref. 1)
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Equipment mounted on grout pads should be checked to confirm that the anchorage penetrate
through the grout pad into the structural concrete beneath. Anchorage installed only in the grout
pad have failed in past earthquakes and do not have the capacity values assigned to anchors in
structural concrete. Inadequate embedment may result from use of shims or tall grout pads.

If an item of equipment is anchored to a large concrete pad, the pad should have reinforcing steel
and be of sound construction (i.e., no prominent cracks). The padlfloor interface should also be
evaluated to determine whether it can transmit the earthquake loads. For example, if there are
sufficient reinforcement bars connecting the floor to the pad, then the connection is adequate.
Also, if a chemical bonding agent was used between the pad and floor, the adhesion strength can
typically develop the same strength as the concrete in tension and shear.

If there are no reinforcement bars or chemical bond between the pad and the floor, then the
interface can typically resist only shear loadings (if the interface had been roughened at the time the
pad was poured). It maybe possible, in this case, to show that there are no tensile loads on the
pad/floor interface due to either: (1) the center of gravity of the item of equipment being low, or
(2) the weight of the pad itself acting as a ballast to resist the overturning moment. The adequacy
check of the embedded steel, grout pad, and large concrete pad can be done with a visual
inspection together with measurements and the use of drawings and other documents where
necessary.
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Figure 6.2-2 Examples of Stiff and Excessively Flexible Anchorage Connections
(Reference 19) (Figure 4-6 of SQUG GIP, Reference 1)
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63● ANCHORAGE CAPACITY DETERMINATION

The next step in evaluating the seismic adequacy of anchorage is to determine the allowable
capacity of the anchors used to secure an item of equipment. The allowable capacity is obtained by
multiplying the nominal allowable capacities by the applicable capacity reduction factors. The
nominal capacities and reduction factors can be obtained from this section.

The pullout capacity allowable is based on the product of the nominal pullout capacity and the
applicable capacity reduction factors:

Where: Pall

Pnom

RT P

RL P

RS P

REP

Allowable pullout capacity of installed anchor (kip)

Nominal allowable pullout capacity (tip)

expansion anchors Section 6.3.1.1
cast-in-place bolts and headed studs Section 6.3.1.2
cast-in-place J-bolts Section 6.3.1.3
grouted-in-place bolts Section 6.3.1.4
lead cinch anchors Section 6.3.10.2

Reduction factor for the &pe of expansion anchor

expansion anchors

Reduction factor for short embedment Lengths—

expansion anchors
cast-in-place bolts and headed studs
cast-in-place J-bolts
grouted-in-place bolts

Reduction factor for closely Spaced anchors—

expansion anchors
cast-in-place bolts and headed studs
cast-in-place J-bolts
grouted-in-place bolts

Reduction factor for near Edge anchors—

expansion anchors
cast-in-place bolts and headed studs
cast-in-place J-bolts
grouted-in-place bolts

I

8 Based on Section 4.4.2 of SQUG GIP (Ref. 1)
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Section 6.3.2

Section 6.3.3.1
Section 6.3.3.2
Section 6.3.3.3
Section 6.3.3.4

Section 6.3.4.1
Section 6.3.4.2
Section 6.3.4.3
Section 6.3.4.4

Section 6.3.5.1
Section 6.3.5.2
Section 6.3.5.3
Section 6.3.5.4



RF P

RC P

RR P

RI P

Reduction factor for low strength concrete

expansion anchors Section 6.3.6.1
cast-in-place bolts and headed studs Section 6.3.6.2
cast-in-place J-bolts Section 6.3.6.3
grouted-in-place bolts Section 6.3.6.4

Reduction factor for cracked concrete

expansion anchors Section 6.3.7.1
cast-in-place bolts and headed studs Section 6.3.7.2
cast-in-place J-bolts Section 6.3.7.3
grouted-in-place bolts Section 6.3.7.4

Reduction factor for expansion anchors securing equipment
with essential I&elays

expansion anchors Section 6.3.8

&eduction factor forreduced~nspection procedure

expansion anchors Section 6.3.9.2

The shear capacity allowable is based on the product of the nominal shear capacity and the
applicable capacity reduction factors:

Where: V~ll

v nom

RT s

RL s

vall = vnomRTS RLS RSS RES RFS RRS RIS I
Allowable shear capacity ofinstalled anchor (kip)

Nominal allowable shear capacity (kip)

expansion anchors Section 6.3.1.1
cast-in-place bolts and headed studs Section 6.3.1.2
cast-in-place J-bolts Section 6.3.1.3
grouted-in-place bolts Section 6.3.1.4
lead cinch anchors Section 6.3.10.2

Reduction factor for the ~pe of expansion anchor

expansion anchors Section 6.3.2

Reduction factor for short embedment Lengths—

expansion anchors Section 6.3.3.1
cast-in-place bolts and headed studs Section 6.3.3.2
grouted-in-place bolts Section 6.3.3.4
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RS s

RE s

RF s

RR s

RI s

Section 6.3.4.1
Section 6.3.4.2
Section 6.3.4.3
Section 6.3.4.4

Reduction factor for closely Spaced anchors—

expansion anchors
cast-in-place bolts and headed studs
cast-in-place J-bolts
grouted-in-place bolts

Reduction factor for near Edge anchors—

expansion anchors Section 6.3.5.1
cast-in-place bolts and headed studs Section 6.3.5.2
cast-in-place J-bolts Section 6.3.5.3
grouted-in-place bolts Section 6.3.5.4

Reduction factor for low strength concrete

expansion anchors Section 6.3.6.1
cast-in-place bolts and headed studs Section 6.3.6.2
cast-in-place J-bolts Section 6.3.6.3
grouted-in-place bolts Section 6.3.6.4

Reduction factor for expansion anchors securing equipment with
essential Relays

expansion anchors Section 6.3.8

Reduction factor for reduced Inspection procedure

expansion anchors Section 6.3.9.2

Note that the pullout and shear capacities for anchors given above are based on having adequate
stiffness in the base of the equipment and on not applying significant prying action to the anchor.
If Section 6.2 shows that stiffness is not adequate or that significant prying action is applied to the
anchors, then the SCES should lower the allowable capacity loads accordingly.
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6.3.1 TvDe of Anchorage and Nominal Allowable Ca~acities9

It is important to identify which of these types of anchorage is used in an installation since these
anchorage have different capacities and different installation parameters which should be checked
during the inspection. The following four types of anchorage are covered in Sections 6.3.1 to..-
6.3.9:

1 ● Expansion Anchors - Shell and Nonshell

2 ● Cast-In-Place Bolts and Headed Studs

3 ● Cast-In-Place J-Bolts

4 ● Grouted-In-Place Bolts

Types

Welds to embedded steel or exposed steel and lead cinch anchors are covered individually in
Section 6.3.10. If any other type of anchorage is used to secure an item of equipment besides the
four covered in this section and the other two covered in subsequent sections, the anchorage for
that piece of equipment should be classified as an outlier and evaluated fbrther in Chapter 12 or
with the guidance in Reference 78.

In most cases, it will be necessary to use facility drawings, specifications, general notes, purchase
records, manufacturer’s data, or other such documents to identify the type of anchorage used for
an item of equipment. Welds to embedded steel can be distinguished from bolted anchorage
without using drawings; however, concrete drawings will still be needed to check the embedment
details of the steel. It is not necessary to have specific documented evidence for each item of
equipment installed in the facility; i.e., it is permissible to rely upon generic installation drawings
or specifications so long as the SCES have high confidence as to anchorage type and method of
installation and remain alert for subtle differences in anchorage installations during the in-facility
inspections. The SCES should visually inspect the anchorage to check that the actual installation
appears to be the same as that specified on the drawing or installation specification. If documents
are not available to identi@ the type of bolted anchorage used for an installation, more detailed
inspections should be done to develop a basis for the type of anchorage used and its adequacy.

For expansion anchors, it is important to identify the specific make and model of expansion anchor
since there is considerable variance in seismic performance characteristics for different expansion
anchor types. The makes and models of expansion anchors covered by this procedure are listed in
Section 6.3.2 along with appropriate capacity reduction factors. Properly designed, deeply
embedded cast-in-place headed studs and J-bolts have desirable performance since the failure mode
is ductile, or steel governs. Well-designed and detailed welded connections to embedded plates or
structural steel can provide a high-capacity anchorage. Special consideration should be given to
grouted-in-place anchors since capacity is highly dependent on the installation practice used. If the
grout shrinks any measurable amount, the anchor may have no tensile capacity.

9 Based on Section 4.4.1- Check 2 of SQUG GIP (Ref. 1)
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6.3.1.1 Expansion Anchors10

The nominal allowable load capacities which can be used for the types of expansion anchors
covered by this procedure (i.e., those listed in Section 6.3.2) are given in Table 6.3-1 below.

Table 6.3-1 Nominal Allowable Capacities for Expansion Anchors

(f; 24000 psi for Pullout and f; 23500 psi for Shear)l
(Table C.2-I of SQUG GIP, Ref. 1)

\ /

Bolt/Stud Pullout Shear Minimum Min. Edge
Diameter Capacity Capacity 2 2

(D, in.) (Pnom, kip) (Vnom, kip) ~:~;:; ) ~~:;y; ),
● ●

3/8 1.46 1.42 3.75 3.75

1/2 2.29 2.38 5.00 5.00

5/8 3.17 3.79 6.25 6.25

3/4 4.69 5.48 7.50 7.50

7/8 6.09 7.70 8.75 8.75

1 6.95 9.53 10.00 10.00

1 The pullout and shear capacities shown here are for the expansion anchor
types included in Section 6.3.2 installed in sound, untracked concrete (i.e.,
no cracks passing through the anchor bolt installation) with a compressive
strength (f c) of at least 4000 psi for pullout and 3500 psi for shear.

2 Minimum spacings and edge distances are measured from bolt center to bolt
center or concrete edge. Smaller spacings and edge distances less than the
minimums given here can be used with the reduction factors given in
Sections 6.3.4.1 and 6.3.5.1.

10 Based on Section C.2. 1 of SQUG GIP (Ref. 1)
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6.3.1.2 Cast-in-Place Bolts and Headed Studsll

The nominal allowable load capacities which can be used for cast-in-place bolts and headed studs
are listed in Table 6.3-2.

Table 6.3=2 Nominal Allowable Capacities for Cast-In-Place Bolts

and Headed Studs

Bolt/Stud Pullout
Diameter Capacity
(D, in.) (Pnom, kip)

3/8 3.74

1/2 6.66

5/8 10.44

3/4 15.03

7/8 20.44

1 26.69

1-1/8 33.801

1-1/4 41.72I

1-3/8 50.40

(f~23500psi)l (Table C.3-1 of SQUG GIP, Ref. 1)

Shear Minimum Minimum Min. Edge
Capacity

(v
Embedment2

klp)
Spacing3 Distance3.

nom? (L rnin~‘nO) (Smin, ino) (Emin, in.)

1.87 3-3/4 4-314 3-3/8

3.33 5 6-1/4 4-3/8

5.22 6-1/4 7-7/8 5-1/2

7.51 7-112 9-1/2 6-5/8

10.22 8-3/4 11 7-3/4

13.35 10 12-5/8 8-3/4

16.90 11-1/4 14-1/4 9-7/8

20.86 12-1/2 15-3/4 11

25.25 13-3/4 17-3/8 12-1/8

1 The pullout and shear capacities shown here are for ASTM A-307 (Ref. 79) or
equivalent strength bolts installed in sound, untracked concrete (i.e., no cracks
passing through the anchor bolt installation) with a compressive strength of 3500 psi
or greater. For bolt capacities in lower strength concrete see Section 6.3.6.2. For
bolt capacities in cracked concrete see Section 6.3.7.2.

2 See Figure 6.3-1 for definition of embedment length (L). Smaller embedments than
the minimum given here can be used with the reduction factor given in Section
6.3.3.2.

3 Minimum spacings and edge distances are measured from bolt center to bolt center or
concrete edge. Spacings and edge distances less than the minimums given here can
be used with the reduction factors given in Sections 6.3.4.2 and 6.3.5.2.

11 Based on Section C.3. 1 of SQUG GIP (Ref. 1)
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6.3.1.3 Cast-in-Place J-BoltslQ

The nominal allowable load capacities which can be used for cast-in-place J-bolts are listed in Table
6.3-3 below. The term J-bolt fifers to a plain steel bar with a hook f&med at the embedded end
and threaded at the other end. An embedded bar can be considered as a J-bolt only if it has a hook
on the embedded end meeting the minimum dimensions shown in Figure 6.3-2.

Table 6.3-3 Nominal Allowable Capacities for Cast-In-Place

J-Bolts (f; ~3500psi)1 (Table C.4-1 of SQUG GIP, Ref. 1)

.*
Muumum

Embedment
● *

Nhmmum
Bar Pullout Shear

● *
(LITlhl,in.) Muumum Edge

Diameter Capacity Capacity 1800 900 Spacings Distances
(D, in.) (Pn~rn, kip) (Vn~rn, kip) Hook Hook (smin~ @ (Emin, in.)

3/8 3.74 1.87 16 20-1/2 1-1/8 3-3/8

1/2 6.66 3.33 21-1/4 27-1/4 1-1/2 4-3/8

518 10.44 5.22 26-5/8 34-1/8 1-7/8 5-1/2

3/4 15.03 7.51 31-718 40-7/8 2-1/4 6-5/8

7/8 20.44 10.22 37-114 47-314 2-5/8 7-3/4

1 26.69 13.35 42-1/2 54-1/2 3 8-3/4

1-1/8 33.80 16.90 47-7/8 61-3/8 3-3/8 9-7/8

1-1/4 41.72 20.86 53-1/8 68-1/8 3-3/4 11

1-3/8 50.40 25.25 58-1/2 75 4-1/8 12-1/8

1 The pullout and shear capacities shown here are from J-Bolts installed in sound,
untracked concrete with a compressive strength (f’c) of at least 3500 psi.

2 Embedment length is defined in Figure 6.3-2.

3 Spacing and edge distance are measured from the center of the bolt(s).

12 Based on Section C.4. 1 of SQUG GIP (Ref. 1)
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6.3.1.4 Grouted-in-Place Boltsl~

The nominal allowable pullout and shear capacities which can be used for grouted-in-place bolts
are listed in Table 6.3-4. Note that the values in this table are identical to those in Table 6.3-2 for
cast-in-place bolts and headed studs except that the pullout capacities (P~O~)are reduced by a factor
of 10. This was done since the pullout capacity of grouted-in-place bolts is significantly affected
by the method of installation. Since documentation of the method used to install grouted-in-place
bolts often is not available, the pullout capacities given in the table below are reduced significantly.

However, if the bolts were installed using effective installation procedures similar to those in
Reference 80, then the pullout capacities of this grouted-in-place bolts maybe taken to be the same
as for cast-in-place bolts (i.e., use the capacities given in Table 6.3-2). Some of the installation
techniques used in Reference 80 include such things as thorough cleansing of the concrete hole,
acid etching of the concrete hole to roughen the surfaces, and use of grout which expands while it
is curing.

Table 6.3-4 Nominal Allowable Capacities for Grouted-In-Place

Bolts (f: >3500psi)l (Table C.5-1 of SQUG GIP, Ref. 1)

Bolt/Stud Pullout Shear
● .

Muumum Minimum Min. Edge
Diameter Capacity2 Capacity Embedment3 4 4

(D, in.) (pnom, kip) (V~O~,kip) (L~i~, in ) ~;:;:: ) ~~:;~” )
● ● ●

3/8 0.37 1.87 3-3/4 4-3/4 3-3/8

1/2 0.67 3.33 5 6-1/4 4-3/8

5/8 1.04 5.22 6-1/4 7-7/8 5-1/2

3/4 1.50 7.51 7-1/2 9-1/2 6-5/8

7/8 2.04 10.22 8-3/4 11 7-3/4

1 2.67 13.35 10 12-5/8 8-3/4

1-1/8 3.38 16.90 11-1/4 14-1/4 9-7/8

1-1/4 4.17 20.86 12-1/2 15-3/4 11

1-3/8 5.04 25.25 13-3/4 17-318 12-1/8

13 Based on Section C.5. 1 of SQUG GIP (Ref. 1)
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1 The pullout and shear capacities shown here are for ASTM A-307 (Ref. 79) or equivalent
strength bolts installed in sound, untracked concrete (i.e., no cracks passing through the
anchor bolt installation) with a compressive strength of 3500 psi or greater. For bolt
capacities in lower strength concrete see Section 6.3.6.3. For bolt capacities in cracked
concrete see Section 6.3.7.3.

2 The pullout capacities (Pnom) are based on not having used special installation practices (or
not knowing whether such practices were used). However, if installation procedures
similar to those in Reference 80 were used, then the pullout capacities for cast-in-place
bolts (Table 6.3-2) can be used in place of the values in this table.

3 See Figure 6.3-1 for definition of embedment length (L). Smaller embedments than the
minimum given here can be used with the reduction factor given in Section 6.3.3.4.

4
● *

Mmmum spacings and edge distances are measured from bolt center to bolt center or
concrete edge. Spacings and edge distances less than the minimums given here can be used
with the reduction factors given in Sections 6.3.4.4 and 6.3.5.4.

I
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6.3.2 Tv~e of ExDansion AnchorlA

If the specific manufacturer and model of an expansion anchor is not known, then a generic
capacity reduction factor as specified in Table 6.3-5 can be used. This generic factor maybe used,
however, only on expansion anchors made from carbon steel or better material. Concrete fasteners
made from other materials or which use fastening mechanisms which are different than that of
expansion anchors should be identified as outliers. This would include fasteners such as chemical
anchors, plastic anchors, powder actuated fasteners, and concrete screws.

It is also important to distinguish between shell- and nonshell-type expansion anchors since
different types of checks should be made to assure that they are properly installed. This section
provides a description of the differences between shell and nonshell expansion anchors, how to tell
them apart while they are installed, and what the capacity reduction factors are for the various
makes and models. The shell type, or displacement controlled, (see Figure 6.3-3) and wedge type,
or torque controlled, (see Figure 6.3-4) expansion anchors have been widely tested and have
reasonably consistent capacity when properly installed in sound concrete.

Note that expansion anchors should generally not be used for securing vibratory equipment, such
as pumps and air compressors. Expansion anchors used for vibrating equipment may rattle loose
and have little to no tensile capacity. If such equipment is secured with expansion anchors, then
there should be a large margin between the pullout loads and the pullout capacities; i.e., these
expansion anchors should be loaded primarily in shear with very little pullout load. If a component
which is secured with expansion anchors, has been in service for a long time and its expansion
anchors remain tightly set, then this is a reasonable basis for ensuring installation adequacy. It is
generally recommended that if expansion anchors need to be used for vibrating equipment, then the
undercut-type of expansion anchors should be installed.

The specific manufacturers and product names of expansion anchors covered by this procedure are
listed in Table 6.3-5 below. This table also lists capacity reduction factors (RTP for pullout and
RT~ for shear) which should be multiplied by the nominal pullout and shear capacities (P~O~,

V~O~)given in Table 6.3-1.

RT
P=

RT s= Pullout (p) and shear (s) capacity reduction
factors for type of expansion anchor from
Table 6.3-5

14 Based on Sections 411- Check 2 and C.2.2 of SQUG GIP (Ref. 1) and information from Revision 3 of SQUG
GIP (Ref. 12) “ ●
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Table 6.3-5 Type of Expansion Anchors Covered by this Procedure and
Associated Capacity Reduction Factors (Table C.2-2 of SQUG GIP, Ref. 1)

Capacity Capacity
Manufacturer Product Name Type Reduction Reduction

Factors Factors
(RTp,) (RT~)

Drillco MaxiBolt Nonshell 10 1 10 1
● ●

Hilti Kwik-Bolt Nonshell 10 10 2

HDI
●

Shell 10 “210
Sleeve (3/8 inch) Nonshell ‘205 “210
Sleeve (1/2 to 5/8 inch) Nonshell 0.75 2 “210●

ITW/Ramset Dynaset Shell 10 10 2

Dynabolt Nonshell 0.+5 0.75 2

Trubolt Nonshell 0.75 0.752

ITW/l&mset/ Multiset Drop-In Shell 10 10 2

Redhead Self Drilling
●

Shell 10 “210
Dynabolt Sleeve

●

Nonshell 10 “210
Nondrill

●

Shell 10 “210
Stud Shell 0.75 0.75 2

TRUBOLT Nonshell 0.75 0.752

Molly Parasleeve Nonshell 10 10 2
.

MDI Shell 10 “210
Parabolt Nonshell 0.75 0.75 2

I?hillips Self-Drilling Shell 10 10 2

Wedge
●

Nonshell 10 “2
● 10

Sleeve Nonshell 10 “210
Multi-Set

●

Shell 10 “210
Stud

.
Shell 10 “210

Non-Drilling
.

Shell 10 “2
● 10●

Kawl Drop-In Shell 10 10 2

Stud Shell 0.75 0.75 2

Saber-Tooth Shell 0.75 0.752
Bolt Nonshell 0.75 0.752

$tar Selfdrill Shell 0.75 0.752
Steel Shell 0.752 10 2

Stud Shell 0.752 0.75 2

JSE Diamond Sup-R-Drop Shell 10 10 2
.

Sup-R-Stud Shell 10 “2
● 10

Sup-R-Sleeve Nonshell 10 “210
Sup-R-Drill Shell 0.75 0.;5 2

WEJ-IT Drop-In Shell 10 10 2
●

Sleeve Nonshell 10 “210
Wedge Nonshell “205 0.75 2

Stud Shell 0.;5 2 10 2
●

LJnknown Unknown (3/8 inch) 2 Unknown2 05 2 0.752
Unknown (> 3/8 inch) 2 Unknown2 0.+5 2 0.752

1 From Table C-2 of WSRC SEP-6 (Ref. 3)
2 From Table 6.3-5 of Revision 3 of SQUG GIP (Ref. 4), which is being reviewed by the NRC
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If the specific manufacturer and product name of an expansion anchor is not known, then a generic
capacity reduction factors as indicated below maybe used:

RT P = 0.5and RT~ = 0.75 (for bolt diameter= 3/8 inch)

I RTP = 0.75 and RT~ = 0.75 (for bolt diameter > 3/8 inch)

Note, however, that this generic capacity reduction factor may only be used for expansion anchors
made from carbon steel or better material. Concrete fasteners made from other materials or which
use fastening mechanisms which are different than that of expansion anchors should be identified
as outliers. This would include fasteners such as chemical anchors, plastic anchors, powder
actuated fasteners, and concrete screws. “Unknown” anchors should be examined to ensure that
they are not the WEJ-IT wedge anchor bolts, which can be distinguished from all other bolts by the
two vertical slots cut along opposite sides of the bolt, parallel to the longitudinal axis of the bolt.
Guidance on resolving anchorage outliers is provided in Reference 78.

In general, expansion anchors should not be used for securing vibratory equipment such as pumps
and air compressors. If such equipment is secured with expansion anchors, then there should be a
large margin between the pullout loads and the pullout capacities; i.e., the loads on these expansion
anchors should be primarily shear.

The principal differences between shell- and nonshell-type expansion anchors are explained below.

Shell-typ e expansion anchors are expanded into the concrete by application of a setting force
independent of the load later applied to the bolt or nut by the equipment being anchored. The key
feature of this type of expansion anchor is that it relies upon its initial preset for holding it in place.
Figure 6.3-3 shows the features of several types of shell-type expansion anchors.

Figure 6.3-3a shows a “Self-Drilling Type” of shell-type expansion anchor. This type of anchor is
set in place by driving the shell down over the cone expander which is resting against the bottom of
the hole.

Figure 6.3-3b shows a “Drop-In Type” which is set in place by driving a cone expander down
through the center of the shell thereby causing the lower portion of the shell to expand into the
concrete.

Figure 6.3-3c shows a “Phillips Stud Type” which is set in place by driving the stud down over
the cone expander which is resting against the bottom of the hole.

Nonshell-tvPe expansion anchors are expanded into the concrete by pulling the stud up out of the
hole which causes a sleeve or a split ring to be forced into the concrete. The key feature of this
type of expansion anchor is that the more the stud is loaded in tension, the greater the expansion
setting force becomes. Figure 6.3-4 shows the features of two types of nonshell-type expansion
anchors.

Figure 6.3-4a shows a “Sleeve Type” which is set in place by pulling the stud, with its integral
cone expander on the bottom, up into the sleeve thereby forcing the lower split portion of the
sleeve into the concrete. The sleeve is held in place during this setting process by butting up
against the lower surface of the washer.

Figure 6.3-4b shows a “Wedge Type” which is set in place by pulling the stud, with its integral
cone expander on the bottom, up though a split ring. Note that the split ring relies on friction
against the concrete to stay in place during the setting operation.
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Distinguishing characteristics of shell- and nonshell-type expansion anchors in their as-installed
condition are shown in Figure 6.3-5.

Figure 6.3-5a shows a nonshell-type expansion anchor in which the visible portion is characterized
by a smoothly cut or mechanically finished threaded stud with a nut holding the base of the
equipment in place.

Figure 6.3-5b shows the most common type of shell-type expansion anchor in which the visible
portion is characterized by a head of a bolt.

Figures 6.3-5c and 6.3-5d show other types of shell-type expansion anchors in which the visible
portion is characterized by a rough cut or a raised knob on the end of the threaded rod. Carefhl
inspection is necessary to distinguish these two types of shell expansion anchors from the
nonshell-type shown in Figure 6.3-5a.
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6.3.3 Embedment Lengthls

The embedment length of an anchor should be checked to confm that it meets the minimum value
so that nominal allowable anchor capacities can be used. A capacity reduction factor can be applied
to the nominal allowable capacities for certain types of anchors with less embedment. Minimum
embedments and reduction factors are given for each type of anchor covered in this procedure.

The minimum embedments for expansion anchors are based on the manufacturer’s recommendations
and cannot be reduced by applying capacity reduction factors. Expansion anchors which have deeper
embedments may use the higher recommended capacities contained in the manufacturer’s catalog in
place of the nominal allowable capacities. The minimum embedments for cast-in-place bolts and
headed studs and for grouted-in-place bolts are set to be sufficiently long so that the anchorage will fail
in a ductile manner; i.e., in the bolt or stud, not in the concrete. Grouted-in-place anchor embedments
are the same as those for cast-in-place anchors; a higher factor of safety is assigned to the pullout
capacities of grouted-in-place anchors to account for uncertainties in the bolt installation. The
minimum embedment for smooth bar J-bolts is based primarily on the bond strength between the bar
and the concrete.

The embedment length of expansion anchors can be checked by confirming that the anchor is one
of the makes and models covered by this procedure and performing a visual inspection of the
installation. For many types of nonshell anchors, ultrasonic testing can be used to determine bolt
length. Bolt embedment length may not be adequate if part of the shell is exposed or if there is a
long stud protruding above the concrete surface.

It is not necessary to perform an embedment length check of an expansion anchor if the anchorage
for that piece of equipment is robust, i.e., there is a large margin between the applied load and the
anchorage capacity. Guidelines for evaluating whether there is sufficient margin in the anchorage
are provided in Section 6.3.9.2, Reduced Inspection Alternative. The embedment length for
anchor types other than expansion anchors can be determined from concrete installation drawings,
ultrasonic testing, or other appropriate means.

6.3.3.1 Ex~ansion AnchorslG

If the embedment is greater than the values given in Table 6.3-6, then a pullout capacity reduction
factor (RLP) and a shear capacity reduction factor (RQ should be multiplied by the nominal
pullout and shear capacities (P~O~,V~O~)given in Table 6.3-1.

RL P=
RLs= Pullout (p) and shear (s) capacity reduction factors for

expansion anchors

10● for embedments greater than those listed in Table 6.3-6

Outlier for embedments less than those listed in Table 6.3-6

(Note: This inspection check is not needed if the Reduced Inspection Alternative is chosen, as
described in Section 6.3.9.2)

15 Based on Section 4.4.1- Check 5 of SQUG GIP (Ref. 1)
16 Based on Section C.2.4 of SQUG GIP (Ref. 1)
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The manufacturer’s recommended minimum embedments listed in Table 6.3-6 are from the
catalogs of each of the vendors as listed in Reference 41, page E-27. These are the most recent
catalogs available when Reference 41 was published. Expansion anchors with less than the
minimum embedment should be documented as outliers. Guidance for resolving anchorage
outliers is provided in Reference 78.

Table 6.3-6 Manufacturer’s Recommended Minimum Embedment
for Expansion Anchors Covered by this Procedure

(Table C.2-6 of SQUG GIP, Ref. 1)

Minimum Embedment (L) [in.]
Product Name for Bolt/Stud Diameter:

Manufacturer (S=Shell, N=Nonshell) “ 33 5/899 3/499 7/899 1393/8 1/2

Hilti Kwik-Bolt (N) 1.63 2.25 2.75 3.25 -- 4.50

HDI (S) 1.561 2.00 2.561 3.19 -- --

Sleeve (N) ‘ 1.50 2.00 2.()() -- -- --

ITVV/Ramset Dynaset (S) 1.63 2.00 2.63 3.25 -- . .

Dynabolt (N) 2.00 2.25 2.25 -- -- --

Trubolt (N) 1.50 2.25 2.75 3.38 4.00 4.50

ITVV/Ramset/ Multiset Drop-In (S) 1.63 2.00 2.50 3.19 -- -.

Redhead Self Drilling (S) 1.53 2.03 2.47 3.25 -- --

Dynabolt Sleeve 1.88 2.00 2.25 -- -- --

Nondrill (S) 1.56 2.06 2.56 3.19 -- --

Stud (S) 1.63 1.88 2.38 2.88 -- --

TRUBOLT (N) 1.50 2.25 2.75 3.25 3.75 4.50

Molly Parasleeve (N) 1.501 2.()()1 2.00” .-l -- --

MDI (S) 1.561 2.00 2.501 --1 -- --

Parabolt (N) 1.50 2.25 2.751 3.25 4.00 4.50

I
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Table 6.3=6 (Continued)

Minimum Embedment (L) [in.]
Product Name for Bold/Stud Diameter:

Manufacturer (S=Shell, N=Nonshell) “ “ 5/8’9 3/499 99 l“3/8 1/2 7/8

l?hillips Self-Drilling (S) L53 2.03 2.47 3.25 3.69 --

Wedge (N) 1.75 2.13 2.63 3.25 3.75 4.50

Sleeve (N) 1088 2.00 2.25 -- -- --

Multi-Set (S) 1.38 1.75 2.25 2.50 -- --

Stud (S) 1.63 1.88 2.38 2.88 -- --

Non-Drilling (S) 1.56 2.06 2.56 3.19 -- .-

l?awl Drop-In (S) 1.88 2.38 3.00 3.5o -- --

Stud (S) 1.75 2.25 2.88 3.38 4.00 4.50

Saber Tooth (S) 1.53 2.03 2.47 3.25 3.69 --

Bolt (N) 2000 2.50 2.75 3.()() -- --

;tar Selfdrill (S) 1.53 2.03 2.47 3.25 3.69 --

Steel (S) 1.44 1.94 2.38 3.00 -- --

Stud (S) 1.63 1.75 2.38 2.88 -- --

JSE Diamond Sup-R-Drop (S) 1.56 2.00 2.53 3.19 -- --

Sup-R-Stud (S) 2.16 2.81 3.31 4.25 4.72 5.56

Sup-R-Sleeve (N) 1.501 2.001 2.501 3.001 -- --

Sup-R-Drill (S) 1.53 2.03 2.47 3.27 -- --

VEJ-IT Drop-In (S) 1.63 2.00 2.50 3.25 -- --

Sleeve (N) 1.50 1.88 2.00 2.25 -- --

Wedge (N) 1.50 2.00 3.00 3.00 4.50 5.50

Stud (S) 1.75 2.13 3.631 3.25 -- 4.50

lFrom Table 6.3-6 of Revision 3 of SQUG GIP (Ref. 4), which is being reviewed by the NRC
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These minimum embedments can be evaluated by performing the following inspection checks for
shell- and nonshell-type expansion anchors. Note that these checks should be performed after the
tightness check (Section 6.3.9) has been performed.

Shell-Tv~e Ex~ansion Anchors. The embedment length of shell-type expansion anchors is
predetermined by the length of the shell and how it is installed in the concrete. The appropriate
shell length is assured if the expansion anchor is one of the types listed in Table 6.3-6. An
appropriate installation is assured if the shell of these anchors does not protrude above the surface
of the concrete.

When making this embedment check, a check should also be made to confirm that the top of the
shell is not touching the bottom of the baseplate of the item of equipment being anchored. This
check should be performed after the tightness check (Section 6.3.9) has been done. This will
assure that the expansion anchor is tight in the hole and not just tight up against the base of the
equipment.

If it is necessary to remove the bolt or nut from the anchorage to make the above two checks, then
it is only necessary to spot check the embedment of a few anchors. If this spot check indicates that
these types of bolts may not be properly installed, then this inspection check should be expanded
accordingly. When re-installing the anchor, it should be re-tightened to a “wrench tight” condition
or to the recommended tightness check torque values.

Nonshell-Tv~e Expansion Anchors. The embedment length of nonshell-type expansion anchors is
predetermined by the length of the stud and the installation of the anchor. The appropriate overall
length of nonshell studs is dependent upon the manufacturer, the model, and the thickness of the
equipment base plate for which the anchor is designed. Table 6.3-7, below, can be used as a
generic screen for assessing whether a nonshell expansion anchor has adequate embedment. A
range of projections is given in Table 6.3-7 since there are differences in acceptable projections
depending upon the make and model of the anchor. If a nonshell stud projects more than the lower
value of this range, then anchor-specific information should be used to determine the embedment
length of the anchor.

Table 6.3-7 Maximum Stud Projections Above Concrete for Nonshell-Type
Expansion Anchors (Table C.2-7 of SQUG GIP, Ref. 1)

Stud Maximum Stud
Diameter Projections

Above Concrete
●

(m)
●

● (m)●

318 1/2 - 3/4

1/2 1/2 - 3/4

5/8 1/2 - 7/8

3/4 7/8 -1 1/2

7/8 11/2-2

1 11/2-2
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Note that careiid evaluation is needed when checking the projections since larger projections than
those given above may be needed if the baseplate is relatively thick or if, at the time of installation
in the facility, a particular bolt length may not have been available. Also, for bolts made by some
manufacturers, the bolt projections may be larger than those given in the above table even for their
shortest bolts. Thus, while this check need only be visual, a careful evaluation should be made to
determine whether the stud projection is reasonable, given the bolt diameter, base plate thickness,
and whether a grout pad is used. When projections are larger than those given in Table 6.3-7,
adequate embedment should be evaluated by consulting design and construction documents and
vendor catalogs. Alternately, ultrasonic inspection techniques may be used to compare the
measured boltlstud length to the manufacturer’s recommended minimum embedment given in Table
6.3-6.

This embedment check should be performed on wedge- and sleeve-type, nonshell expansion
anchors after the tightness check (Section 6.3.9) has been done. This is to ensure that the tightness
check does not pull the expansion anchor partially out of the hole beyond the required minimum
embedment.

For bolts with deeper embedments than the minimum values given in Table 6.3-6, manufacturer’s
catalog data may be used, if it is available, to establish the nominal allowable capacities instead of
those given in Table 6.3-1. As an alternative, facility specific testing maybe performed to
establish the strength of the more deeply embedded expansion anchors. Guidance for resolving
anchorage outliers is provided in Reference 78.

6.3.3.2 Cast-in-Place Bolts and Headed Studsly

The nominal pullout and shear capacities (P~0~, V~O~)given in Table 6.3-2 are based on the
assumption that the embedment length is sufficiently long to preclude failure in the concrete. The
minimum embedments (Lfi~) given in Table 6.3-2 are equal to 10 times the bolt diameter (D).
Figure 6.3-1 shows the embedment length (L) for a cast-in-place bolt and a headed stud.

The embedment length should be evaluated by consulting existing drawings to ensure that the
actual embedment length (L) is more than the minimum (Lfi~). If the construction drawings are
not available, ultrasonic means or other appropriate methods maybe used to evaluate the actual
embedments.

If the embedment length (L) is less than the minimum value (Lfi~) given in Table 6.3-2, then a
pullout capacity reduction factor (RLP) and a shear capacity reduction factor (RL~) should be
multiplied by the nominal pullout and shear capacities (P~O~,V~O~)given in Table 6.3-2.

RL RL
P= s = Pullout (p) and shear (s) capacity reduction factors for cast-in-place

anchors with shallow embedment

10● for L > 10D

(L+ D)L

(L
for 4D < L < 10D and L >3 inches

min + D) Lfin

Outlier for L < Greater ofi 4D or 3 inches

17 Based on Section C.3.2 of SQUG GIP (Ref. 1)
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L Length of anchor embedment per Figure 6.3-1

L min Minimum length of anchor embedment from Table 6.3-2

D Diameter of anchor boltkud

6.3.3.3 Cast-in-Place J-Boltslg

The nominal pullout capacities (PnOm)given in Table 6.3-3 are based on the assumption that the
embedded length is at least as long as the minimum embedment lengths (Ltin) given in
Table 6.3.3.

If the embedment length (L) is less than the minimum value (Lmin), then a pullout capacity
reduction factor (RLP) should be multiplied by the nominal pullout capacity (PnOm). A capacity
reduction factor for shear is not needed since J-bolts develop their full shear strength even when
the embedment is so small that the J-bolt becomes an outlier due to insufficient embedment for
pullout (at L = 16D). Guidance for resolving anchorage outliers is provided in Reference 78.

RL P=

L

L min =

D

Pullout capacity reduction factor for cast-in-place J-bolts

10● for L > Lmin

L + 20D
for 180° hook when Lti~ > L > 16D

62.5D

L+8D
for 90° hook when Lti~ > L > 16D

62. 5D

Outlier for L < 16D

Length of J-Bolt embedment per Figure 6.3-2 (in.)

Minimum length of J-Bolt embedment from Table 6.3-3

Rod diameter (in.)

6.3.3.4 Grouted-in-Place Boltslg

For grouted-in-place bolts having embedments which are less than the minimum values given in
Table 6.3-4, the capacity reduction factors given in Section 6.3.3.2 for cast-in-place bolts maybe
used to reduce the nominal pullout and shear capacities given in Table 6.3-4.

18 Based on Section C.4.2 of SQUG GIP (Ref. 1)
19 Based on Section C.5.2 of SQUG GIP (Ref. 1)
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6.3.4 S~acinE Between AnchorsQO

The spacing from an anchor to each nearby anchor should be checked to confirm that it meets the
minimum value so that nominal allowable anchor capacities can be used. A capacity reduction
factor can be used when bolt-to-bolt spacing is less than the minimum specified value. Minimum
spacings and reduction factors are given for each type of anchor covered in this procedure.

For expansion anchors, these spacing guidelines are based primarily on anchor capacity test
results. The pullout capacity of cast-in-place anchors and headed studs is based on the shear cone
theory. The minimum spacings are for distances between adjacent anchors in which the shear
cones of the anchors overlap slightly, reducing the projected shear cone area for each anchor by
about 13%. These minimum spacings are for anchors with the minimum embedment. Greater
spacings are necessary to develop the full pullout capacities of deeply embedded anchors if higher
capacity values are used. About 10 bolt diameter spacing is required to gain full capacity in
expansion and cast-in-place anchors.

The shear capacity of anchors is not affected as significantly as tension capacity by closely-spaced
anchors. Recommended minimum spacings for shear loads are given along with the
corresponding capacity reduction factors for closely-spaced anchors.

For clusters of closely-spaced anchors, a capacity reduction factor should be applied to an anchor
for every other nearby anchor. For example, if there are three anchors in a line and all are closer
than the minimum spacing, then the center anchor should have two reduction factors applied to its
nominal capacity allowable and the outside anchors should have only one reduction factor applied.

The spacings between anchors can be checked in the field by a visual inspection and, if necessary,
the spacings can be measured. Measurements should be made from anchor centerline to anchor
centerline.

6.3.4.1 Ex~ansion Anchors21

If the spacing (S) between an expansion anchor and another anchor is less than the minimum value
(Sti~) given in Table 6.3-1, then a pullout capacity reduction factor (RSP) and a shear capacity
reduction factor (RS~) should be multiplied by the nominal pullout and shear capacities (P~O~,

V~O~)given in Table 6.3-1.

RS P= Pullout capacity reduction factor for closely spaced
expansion anchors

10● for s 2 10D

s
for 10D > S > 5D

10D

05● for 5D>S22.5D

Outlier for S < 2.5D

s Spacing between anchors measured center-to-center

20 Based on Section 4.4.1- Check 7 of SQUG GIP (Ref. 1)
21 Based on Section C.2.5 of SQUG GIP (Ref. 1)
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D Diameter of anchor bolt/stud

RS s= Shear capacity reduction factor for closely spaced
expansion anchors

10● for S 22D

05● for S < 2D

A reduction factor should be applied for each nearby anchor, whether it is another expansion
anchor or a different type of anchor. The spacings (S) given above are defined in terms of
multiples of the anchor boltistud diameter (D), measured from anchor centerline to centerline.

6.3.4.2 Cast-in-Place Bolts and Headed Studszz

If the spacing (S) between a cast-in-place anchor and another anchor is less than the minimum
value (S~i~) given in Table 6.3-2, then a pullout capacity reduction factor (RSP) and a shear
capacity reduction factor (RS~) should be multiplied by the nominal pullout and shear capacities
(Pnom~ Vnom) given in Table 6.3-2.

Note that a reduction factor should be applied for each nearby anchor, whether it is another cast-in-
place anchor or a different type of anchor. For example, for 4 bolts in a line, the interior bolts
would be subject to 2 reductions, while the exterior bolts would be subject to only one reduction.

Note that if there are 5 or more cast-in-place anchors in a cluster which are spaced closer together
than the minimum (Sfi~) as defined in Table 6.3-2, then the pullout capacity reduction factor (RSP)
cannot be used and the anchors in that cluster should instead be identified as outliers.

RS P=

s

smin =

Pullout capacity reduction factor for closely spaced cast-in-
place anchors

10● for S > Srnin

A s, red
for S < Srni~

A s,nom

Outlier where there are 5 or more cast-in-place anchors in a cluster
in which S < Smin

Spacing from the bolt being evaluated to an adjacent bolt
measured center-to-center

Minimum spacing to develop full pullout strength from
Table 6.3-2

22 Based on Section C.3.3 of SQUG GIP (Ref. 1)
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A s,nom = Nominal projected area of the nonoverlapping shear cone
of a single bolt located at the minimum spacing distance
(S~i~) from Table 6.3-8. The values of As ~0~ given in
Table 6.3-8 are about 13 percent less than th&full,
geometric shear cone projected area.

Table 6.3-8 Nonoverlapping Projected Shear Cone Areas for Bolts Meeting
Minimum Spacing Requirements (Table C.3-2 of SQUG GIP, Ref. 1)

Bolt Nonoverlapping
Diameter Shear Cone Area
(D, In.) (A&nolll, in.2)

3/8 41.9

1/2 74.1

5/8 116.0

3/4 167.4

7/8 227.2

1 297.3

1-1/8 376.7

1-1/4 464.1

1-3/8 562.2

A s,red = Reduced projected area of the nonoverlapping shear cone
of a single bolt located less than the minimum spacing
(Smin) from another bolt. The values of AS r~dare9
calculated from the following equation:

2 1

[ ()1

e
m –– r2e– rSsin —

2 2

2L+D
r=

2

e 2 COS-l[1
s

2L+D
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I

I

I s Spacing between bolt being evaluated and adjacent boltI
I measured center-to-center

I
I L Length of embedment of bolt being evaluated

I D Diameter of anchor boltistud

RS s= Shear capacity reduction factor for closely spaced cast-in-place anchors.

10● for S > 2D
I

05● for S < 2D

6.3.4.4Cast-in-Place J-Boltszs

The nominal shear capacities (V~O~)for J-bolts given in Table 6.3-3 are based on a minimum
spacing of 3D, where D is the diameter of the J-bolt.

For spacings less than 3D, the J-bolt is an outlier.

6.3.4.4 Grouted-in-Place BoltszA

For grouted-in-place bolts having, spacings which are less than the minimum values given in Table
6.3-4, the capacity reduction factors given in Section 6.3.4.2 for cast-in-place bolts maybe used to
reduce the nominal pullout and shear capacities given in Table 6.3-4.

I

I
I 23 Based on Section C.4.3 of SQUG GIP (Ref. 1)
I

24 Based on Section C.5.2 of SQUG GIP (Ref. 1)
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6.3.5 Edge Distances

The distance from an anchor to a free edge of concrete should be checked to confirm that it meets
the minimum value so that the nominal allowable anchor capacities can be used. A capacity
reduction factor can be used for an anchor which is closer to an edge than the minimum. Minimum
edge distances and reduction factors are given for each type of anchor covered in this procedure.

For expansion anchors, these edge distance guidelines are based primarily on anchor capacity test
results. Full pullout and shear capacity can be developed for cast-in-place anchors and headed
studs which are no closer to a free edge than the radius of the projected shear cone. The minimum
edge distances correspond to the shear cone just touching the free edge of concrete at the surface
(no credit is taken for concrete reinforcement). These minimum edge distances apply to anchors
with the minimum embedment. Greater edge distances are necessary to develop the full pullout
capacities of deeply embedded anchors if higher capacities are used. About 10 bolt diameter edge
distance is required to gain full capacity of expansion anchors.

When an anchor is near more than one free concrete edge, a capacity reduction factor should be
applied for each nearby edge. For example, if an anchor is near a corner, then two reduction
factors apply. The edge distances can be checked in the field by a visual inspection and, if
necessary, the edge distances can be measured. Measurements should be made from anchor
centerline to the free edge.

6.3.5.1 Expansion AnchorszG

If the distance (E) from an expansion anchor to a free edge of concrete is less than the minimum
value (Eti~) given in Table 6.3-1, then a pullout capacity reduction factor (REP) and a shear
capacity reduction factor (RE~) should be multiplied by the nominal pullout and shear capacities
(Pnom~ Vnom) given in Table 6.3-1.

RE P=
Pullout capacity reduction factor for near edge expansion
anchors

E

10D
for 10D > E > 4D

0.0 (Outlier) for E e 4D

E Edge distance from centerline of anchor to free edge

D Diameter of anchor boltkud

25 Based on Section 4.4.1- Check 8 of SQUG GIP (Ref. 1)
26 Based on Section C.2.6 of SQUG GIP (Ref. 1)

March 1997 6-33



REs= Shear capacity reduction factor for near edge expansion
anchors

10● for E > 10D

‘[lE
1.5

for 10D > E > 4D
10D

0.0 (Outlier) for E e 4D

A reduction factor should be applied for each nearby edge; e.g., if an anchor is near a corner, then
two reduction factors apply. The edge distance (E) given in the tables above are in terms of
multiples of the anchor boltistud diameter (D), measured from the anchor centerline to the edge.

6.3.5.2 Cast-in-Place Bolts and Headed StudszT

If the distance (E) from a cast-in-place bolt or a headed stud to a free edge of concrete is less than
the minimum value (Eti~), given in Table 6.3-2, then a pullout capacity reduction factor (REP) and
a shear capacity reduction factor (RES) should be multiplied by the nominal pullout and shear
capacities (P~O~, ~~om)? given in Table 6.3-2. A reduction factor should be applied for each
nearby edge; e.g., If an anchor is near a corner, then two reduction factors apply.

RE P=

E

E min =

D

A e.nom =

—

L

Pullout capacity reduction factor for near edge cast-in-
place bolts and headed studs

10● for E > Emin

A e,red for E
A e,nom

min>E>AD

0.0 (Outlier) for E c 4D

Edge distance from centerline of anchor to free edge

Minimum edge distance to develop full pullout
capacity from Table 6.3-2 Q

Diameter of anchor boltistud

Nominal projected shear cone area of a bolt which is
located away from a free concrete edge at least the
minimum edge distance (Etin) given in Table 6.3-2

0.96 ; (2L + D)2

Length of embedment of bolt being evaluated

27 Based on Section C.3.4 of SQUG GIP (Ref. 1)

March 1997 6-34



Ae,red =

e

Reduced projected shear cone area of a bolt located at
less than the minimum edge distance from a concrete edge

2 1

[ ()1

e
zr–– r20 – 2r E sin –

2 2

2COS-1[12E

2L+D

2L+D
r=

2

RE s= Shear capacity reduction factor for near edge cast-in-
place bolts and headed studs

10● for E > 8.75D

[1
2

0.0131 ~ for 8.75D > E > 4D
D

0.0 (Outlier) for E e 4D

6.3.5.3Cast-in-Place J-Boltszg

The minimum edge distances given in Table 6.3-3 for J-bolts are the same as those for cast-in-
place bolts and headed studs. Likewise the capacity reduction factors for J-bolts installed near an
edge are also the same as discussed in Section 6.3.5.2 for cast-in-place bolts and headed studs.

For calculating reduction factors for near-edge J-bolts, the “L” dimension from Table 6.3-2 for
cast-in-place bolts should be used.

6.3.5.4Grouted-in-Place Boltszg

For grouted-in-place bolts having edge distances which are less than the minimum values given in
Table 6.3-4, the capacity reduction factors given in Section 6.3.5.2 for cast-in-place bolts maybe
used to reduce the nominal pullout and shear capacities given in Table 6.3-4.

28 Based on Section C.4.4 of SQUG GIP (Ref. 1)
29 Based on Section C.5.2 of SQUG GIP (Ref. 1)
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6.3.6 Concrete Strength and Conditions

I

The concrete compressive strength (~) should be obtained from design documentation or tests to

confirm that it meets the minimum value so that the nominal allowable anchor capacities can be
used. A capacity reduction factor can be used for concrete which has lower strength than the
minimum. Minimum concrete strength and reduction factors are given for each type of anchor
covered in this procedure.

In addition, the concrete in the vicinity of the anchor should be checked to be sure that it is free of
gross defects which could affect the holding strength of the anchor. This check should be done in
conjunction with Section 6.3.7. Surface defects such as hairline shrinkage cracks are not of
concern.

Note that this procedure covers anchors installed only in poured, structural concrete. If any
equipment is secured to other types of concrete or masonry structures, such as concrete block
masonry walls, the anchorage for that item of equipment should be classified as an outlier and
evaluated separately using guidance in Chapter 12 and Reference 78.

The compressive strength of the concrete can normally be obtained from facility construction
drawings, specifications, or other documents. If this information is not available, core sample
information can be used or new samples can be taken and tested.

Expansion anchors installed in masonry block walls have lower capacity than those in concrete and
should be classified as outliers. Block wall adequacy (anchorage and reinforcement) should be
checked as part of the outlier resolution.

6.3.6.1Ex~ansion Anchorssl

If the concrete compressive strength(~) is less than 4000 psi for pullout loads or 3500 psi for

shear loads, then a pullout capacity reduction factor (RFP) and a shear capacity reduction factor
(RF~) should be multiplied by the nominal pullout and shear capacities (P~O~, V~O~), given in
Table 6.3-1.

RF P= Pullout capacity reduction factor for expansion anchors in
low strength concrete

10● for ~ >4000 psi

t
f

40;0
for 4000 psi > f: >2000 psi

Outlier for ~ <2000 psi

v

fc— Concrete compression strength (psi)

30 Based on Section 4.4.1- Check 9 of SQUG GIP (Ref. 1)
31 Based on Section C.2.7 of SQUG GIP (Ref. 1)
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RF s= Shear capacity reduction factor for expansion anchors in
low strength concrete

10● for ~ 23500 psi

f
f

+ 0.65 for 3500psi> ~>2000 psi
10,;00

Outlier for ~ < 2000 psi

6.3.6.2 Cast-in-Place Bolts and Headed Studssz

If the concrete compressive strength ( f; ) is less than 3500 psi, then a pullout capacity reduction

factor (RFP) and a shear capacity reduction factor (RFS) should be multiplied by the nominal
pullout and shear capacities (P~O~,V~O~)given in Table 6.3-2.

RF P=

?
fc—

RF s= Pullout (p) and shear (s) capacity reduction factors
for cast-in-place bolts and headed studs in low
strength concrete

10● for ~ < 3500 psi

r?f for 3500 psi > ~ > 2500 psi
35:0

Outlier for ~ e 2500 psi

Concrete compressive strength (psi)

32 Based on Section C.3.5 of SQUG GIP (Ref. 1)
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6.3.6.3 Cast-in-Place J-Boltsss

If the concrete compressive strength ( f; ) is less than 3500 psi, then a pullout capacity

reduction factor (RFP) and a shear capacity reduction factor (Rlj) should be multiplied by
the nominal pullout and shear capacities (P~O~,V~O~)given in Table 6.3-3.

RF RF
P= s =

Pullout (p) and shear (s) capacity reduction factors
for J-bolts in low strength concrete

10● for ~ 23500 psi

r

f
f

for 2500 psi S ~ < 3500 psi
35;0

Outlier for ~ <2500 psi

t
fc— Concrete compressive strength (psi)

6.3.6.4 Grouted-in-Place Boltssa

When grouted-in-place bolts are installed in concrete which has a compressive strength of

f’ ~ 3500 psi, the capacity reduction factors given in Section 6.3.6.2 for cast-in-place bolts—

;ay be used to reduce the nominal pullout and shear capacities given in Table 6.3-4.

33 Bawd on Section C.4.5 of SQUG GIP (Ref. 1)
34 Based on Section C.5.3 of SQUG GIP (Ref. 1)
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6.3.7 Concrete Crack Locations and Sizesss

The concrete should be checked to confirm that it is free of significant structural cracks in the
vicinity of the installed anchors so that the nominal pullout capacities can be used. A pullout
capacity reduction factor can be used for concrete which has cracks which are larger than the
acceptable maximum widths and are located in the vicinity of the anchor. Maximum acceptable
crack sizes and capacity reduction factors are given for each type of anchor covered in this
procedure.

Significant structural cracks in concrete are those which appear at the concrete surface and pass
through the concrete shear cone of an anchor installation or the location of the expansion wedge.
Concrete with surface (craze) cracks or shrinkage cracks which only affect the surface of the
concrete should be considered untracked.

The check for cracks in the concrete can be done by a visual inspection of the anchorage
installation. It maybe necessary to exercise judgment to establish whether cracks in the vicinity of
an anchor actually pass through the installation. It is sufficient to estimate the width of cracks
without making detailed measurements. This check should be done in conjunction with Section
6.3.6 to find other gross defects which could affect the holding strength of an anchor.

6.3.7.1 ExDansion AnchorssG

If there are significant structural cracks in the concrete where expansion anchors are installed, then
a pullout capacity reduction factor (RCP) should be multiplied by the nominal pullout capacity
(P~O~),given in Table 6.3-1. The shear capacity of expansion anchors is not significantly affected
by cracks in the concrete.

RC
P=

Pullout capacity reduction factor for expansion anchors in
cracked concrete

See Table 6.3-9 for values

The pullout capacity reduction factor applies only to significant structural cracks which penetrate
the concrete mass and pass through the vicinity of the anchor installation. Concrete with surface
(craze) cracks or shrinkage cracks which only affect the surface of the concrete should be
considered untracked. It maybe necessary to exercise judgment to establish whether cracks in the
vicinity of an anchor actually pass through the installation. Inspections for crack width should be
visual (i.e., detailed measurement of crack widths is not necessary).

35 Based on Section 4.4.1- Check 10 of SQUG GIP (Ref. 1)
36 Based on Section C.2.8 of SQUG GIP (Ref. 1)
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Table 6.3-9 Pullout Capacity Reduction Factors for Expansion Anchors
in Cracked Con&ete- (Table C.2-8 of SQUG GIP, Ref. 1)

Reduction Factor for
Pullout Capacity

Conditions (RCP)

No Cracks 10●

Crack Size <0.01 in. and the number of
required anchors securing the equipment
which are affected by these cracks is:

< 5oy* 10●

>5070 0.75*

0.01 in. S Crack Size S 0.02 in 0.75*

Crack Size >0.02 in. Outlier

* Capacity reduction factor applies to all required anchors securing the item of
equipment, not just the anchors which are affected by the cracks.

6.3.7.2 Cast-in-Place Bolts and Headed StudsgT

If there are significant structural cracks in the concrete where the cast-in-place bolts and headed
studs are installed, then a pullout capacity reduction factor (RCP) should be multiplied by the
nominal pullout capacity (P~O~)given in Table 6.3-2. The shear capacity of the cast-in-place bolts
and headed stud anchors is not significantly affected by cracks in the concrete.

The pullout capacity reduction factor applies only to significant structural cracks which penetrate
the concrete mass and pass through the vicinity of the anchor installation. Concrete with surface
(craze) cracks or shrinkage cracks which only affect the surface of the concrete should be
considered untracked. It maybe necessary to exercise judgment to establish whether cracks in the
vicinity of an anchor actually pass through the installation. Inspections for crack width should be
visual (i.e., detailed measurement of crack widths is not necessary).

RC
P=

Pullout capacity reduction factor for cast-in-place anchors
in cracked concrete

10● for no cracks and for CS <0.01 in.

1.08-8 CS for 0.01 in. ~ CS <0.06 in.

Outlier for CS >0.06 in.

Cs Crack size (approximate size based on visual observation)

37 Based on Section C.3.6 of SQUG GIP (Ref. 1)
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6.3.7.3 Cast-in-Place J-Boltss8

The areas adjacent to J-bolt installations should be inspected for significant structural cracks which
penetrate the concrete mass. Concrete with surface (craze) cracks or shrinkage cracks which only
affect thesurface of theconcrete should reconsidered untracked. Inspections forcrack width
should be visual (i.e., detailed measurement of crack widths is not necessary). J-bolts should be
classified as outliers when either of the following two crack sizes are exceeded:

● When cracks are larger than about 0.02 inch wide and traverse through the J-bolt
installation, or

● When cracks are larger than about 0.05 inches wide and exist near the J-bolt installation.

6.3.7.4 Grouted-in-Place Boltssg

If there are significant structural cracks in the concrete where the grouted-in-place bolts are
installed, then the pullout capacity reduction factors given in Section 6.3.7.2 for cast-in-place bolts
may be used to reduce the nominal pullout capacities given in Table 6.3-4.

38 Based on Section C.4.6 of SQUG GIP (Ref. 1)
39 Based on Section C.5.3 of SQUG GIP (Ref. 1)
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6.3.8 Essential Relavs in Cabinets40

Electrical cabinets and other equipment which are secured with expansion anchors should be
checked todetermine whether they house essential relays. Ifessential relays arepresent, a capacity
reduction factor of 0.75 should be used for cabinets which are secured with expansion anchors.
The check for the presence of essential relays in equipment can be done in conjunction with the
Relay Functionality Review described in Chapter 11.

The basis for this capacity reduction factor is that expansion anchors have a tendency to loosen
slightly when they are heavily loaded (i.e., they pull out of the concrete slightly). This effect does
not significantly reduce the ultimate load carrying capability of expansion anchors; however, the
slight gap between the base of the equipment and the surface of the concrete can open during the
first part of an earthquake load cycle and then slam closed during the second part of the cycle. This
creates high frequency impact loadings on the equipment, and the relays mounted therein could
chatter. Use of a capacity reduction factor for the expansion anchors which secure this type of
equipment lowers the maximum load which the anchor will experience; therefore this minimizes the
amount of loosening and hence the potential for introducing high frequency impact loadings into
the equipment.

If there are essential relays mounted in the item of equipment, then the following pullout capacity
reduction factor (RRP) and shear capacity reduction factor (RIQ should be multiplied by the
nominal pullout and shear capacities (P~O~,V~O~)given in Table 6.3-1.

RRP Pullout capacity reduction factor for expansion anchors
securing equipment in which essential relays are mounted

0.75

RR s= Shear capacity reduction factor for expansion anchors
securing equipment in which essential relays are mounted

0.75

The Relay Functionality Review described in Chapter 11 identifies which cabinets and items of
equipment contain essential relays.

40 Based on Sections 441- Check 11 and C.2.9 of SQUG GIP (Ref. 1). .
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6.3.9 Tightness Check and Reduced Inspection Procedure for Expansion Anchors

6.3.9.1 Ti~htness Check for Expansion Anchors41

Thetightnesscheck forexpansion anchors canbe accomplished by applying atorque tothe anchor
by handuntil the anchoris ’’wrench tight~’ i.e., tightenedwithoutexcessive exertion. Ifthe anchor
boltornut rotates lessthan about l/4tum, thenthe anchor isconsidered tight. Thistightness
check isnotintended to beaprooftest of thecapaci~ of themchorage. This check is merely
meant to provide a reasonable assurance that the expansion anchor is not loose in the hole due to
gross installation defects. Loose nuts mayindicate inadequate anchor set.

It is not the intent of this procedure to require disassembly of cabinets and structures or removal of
electrical cabling and conduit to provide access to the expansion anchors for this tightness check.
Therefore, in those cases where expansion anchors are inaccessible, either during facility operation
or during shutdown, the SCES should make a judgment as to whether the number and distribution
of tightness checks which have already been made in the facility is sufficient, considering both the
problem of inaccessibility and the results of the other tightness checks. One concern with not
checking the tightness of inaccessible expansion anchors is that these types of anchors may not
have been properly installed because access to them was limited during installation; therefore, the
reason for inaccessibility should be considered when deciding not to check the tightness of
expansion anchors.

For facilities which have a large number of similar expansion anchors installed, a sampling
program may be used for the tightness check based on achieving 95$Z0confidence that no more than
5% of the expansion anchors fail the tightness test. Guidelines for conducting a sampling program
are provided below.

It is not necessary to perform a tightness check of an expansion anchor if the anchorage for that
piece of equipment is robust; i.e., there is a large margin between the applied load and the
anchorage capacity. Guidelines for evaluating whether there is sufficient margin in the anchorage
are provided below.

It is not necessary to perform a tightness check of expansion anchors which are loaded in tension due
to dead weight, since the adequacy of the anchor set is effectively proof-tested by the dead weight
loading. Judgment should be exercised to assess the need for tightness checks when multiple
expansion anchors are used to secure abase plate loaded in tension by dead loads.

SCES should be aware that a tightness check alone for shell-type expansion anchors may not be
sufficient to detect gross installation defects of expansion anchors. If the top of the shell is in contact
with the equipment base, then the tightness check may simply be tightening the shell against the bottom
of the equipment base as shown in Figure 6.3-6. SCES should exercise engineering judgment and
spot check for this type of installation defect by removing a few bolts from shell-type anchors and
inspecting them to ensure that the shell anchor and the equipment base are not in contact. If this spot
check indicates that these types of bolts may not be properly installed, then the inspection check should
be expanded accordingly. Embedment length is determined from the point on the anchor to the surface
of the structural concrete. Grout pads should not be included in the embedment length.

41 Based on Sections 4.4.1- Check 4 and C.2.3 of SQUG GIP (Ref. 1)
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The tightness check can be performed by using a standard size box or open-end wrench on the bolt
head or nut and applying a torque by hand until the bolt or nut is “wrench tight”; i.e., tightened
without excessive exertion. For those cases where specific torque values must be used (e.g., for
maintenance work orders), the “Tightness Check Torque” values given in Table 6.3-10, below,
can be used for this expansion anchor tightness check. These values correspond to about 20% of
the normal installation torques.

Table 6.3-10 Recommended Torque Values for Expansion Anchor
Tightness Check (Table C.2-3 of SQUG GIP, Ref. 1)

Anchor Installation Tightness Check

Diameter Torque Torque
.

(m)● (ft-lbs) (ft-lbs)

318 25-35 5-7

1/2 45-65 9-13

518 80-90 16-18

3/4 125-175 25-35

718 200-250 40-50

1 250-300 50-60

1-1/41 400-5001 80-1001

lData from Table C-39 of WSRC SEP-6 (Ref. 3)

A well-installed expansion anchor should not rotate under this applied torque. A small amount of
initial rotation (about 1/4 turn) is acceptable provided the nut or bolt will tighten and resist the
applied torque. If a bolt turns more than about 1/4 turn, but does eventually resist the torque, it
should be re-torqued to the manufacturer’s recommended installation torque and then considered
acceptable.

A sampling program can be used to check the tightness of expansion anchors provided it achieves
95% confidence that no more than 5% of the expansion anchors fail to meet the tightness
guidelines given above. This 95/5 criterion can be met using the guidelines given below for
sample size, homogeneous population, allowable number of nonconforming anchors, and use of
initial tightness test results.
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● Sample Size. The number of expansion anchors selected for tightness checking should be
at least as large as given in Table 6.3-11 below for “Sample Size”.

Table 6.3-11 Sample Size for Expansion Anchor Tightness Check
(Table C.2-4 of SQUG GIP, Ref. 1) -

Samplel
Condition Size

Expansion Anchors Securing Equipment Which 100%
Contains Essential Relays

Total Size of Homogeneous Anchor Population Is I 100%
Less Than 40 Anchors

Total Size of Homogeneous Anchor Population Is 40 Anchors
Between 40 and 160 Anchors

Total Size of Homogeneous Anchor Population Is 20%
More Than 160 Anchors

lNote* The sample sizes provided in this table are for accessible bolts.●

● Homogeneous Population. The sample size is based on the total population of expansion
anchors being homogeneous. Factors such as installation specifications, quality assurance
procedures used in the installation specifications, quality assurance procedures used during
installation, bolt manufacturer, installation contractor, etc., should be considered when
judging whether or not the total population is homogeneous. If there is more than one
homogeneous set of expansion anchors, then the sample size limitations given above and
the allowable number of nonconforming anchors given below apply to each individual
population.

e Allowable Number of Nonconforming Anchors. The criterion of 95% confidence that
there are no more than 5% nonconforming anchors can be met if the number of expansion
anchors which fails the tightness check does not exceed the limitations given in Table 6.3-
12 below. If more than these number of anchors fail the tightness check, then the sample
size should be increased until the ftilure rate does not exceed the limitations in this table.

● Use of Initial Tightness Test Results. The results of the initial torque tightness check on
each expansion anchor should be used to establish the failure rate for the purposes of the
sampling program. For example, if out of a total population of 400 expansion anchors 100
were tightness checked and 4 of these failed the initial check, then the sample size should
be expanded. (Table 6.3-12 only allows 3 anchors to fail for 100 tests on a population of
400.) The sample size should be expanded even if all 4 of the failed anchors were able to
be fully tightened up to their installation torque requirements.
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Table 6.3-12 Allowable Number of Expansion Anchors Which Need
Not Pass Tightness Check (Table C.2-5 of SQUG GIP, Ref. 1)

Total Number of Anchors Which Need Not Pass Tightness Check
Population for Test Sample Size, (n):

Size N 40 60 80 100 150 200 250 300 350 400 450 500

100 1 2 3 5 .- . . -- -- -- -- -- --

200 NIA 1 2 3 6 10 -- -- -- -- -- --

300 N/A NIA 2 3 5 7 10 15 -- -- -- --

400 N/A NIA N/A 3 5 7 9 12 15 20 -- --

500 NIA NIA NIA NIA 5 7 9 12 14 17 20 25

600 NIA N/A NIA NIA 5 7 9 11 14 16 19 22
1

700 N/A NIA NIA NIA NIA 7 9 11 13 16 18 21

800 NIA NIA NIA NIA NIA 6 9 11 13 16 18 21

900 NIA NIA NIA NIA NIA N/A 8 11 13 15 18 20

1000 NIA NIA NIA NIA NIA NIA 8 11 13 15 17 20.

If certain expansion anchors are not accessible due to such things as high radiation, concrete
poured over’the anchorage, equipment disassembly or removal-being fiquired, etc., then other
methods may be used to assess the tightness of the expansion anchors.

e Use the Reduced Inspection Alternative (Section 6.3.9.2) to evaluate the anchorage
adequacy (the reduced inspection does not require a tightness check).

● Delay the tightness checks until radiation hazards are less.

● Use engineering judgment to assess the anchorage adequacy based on other considerations,
e.g., tightness checks on similar anchors elsewhere in the facility which show that
installation practices produced consistently tight installation. This method should be used
as a last resort. The basis for the engineering judgment should be documented.

6.3.9.2 Reduced Ins~ection Procedure for Ex~ansion Anchors42

A reduced level of inspection can be performed for expansion anchors if additional conservatism is
included in the anchorage evaluation. The two inspections which can be deleted for this reduced
inspection are:

● Tightness Check (Section 6.3.9. 1)

● Embedment Check (Section 6.3.3)

42 Based on Section C.2. 10 of SQUG GIP (Ref. 1)
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However to usc this Reduced Inspection Alternative, the following conditions should be met:

● Capacity Reduction Factor Applied. If the Reduced Inspection Alternative is used, then a
pullout capacity reduction factor (RIP) and shear capacity reduction factor (RQ should be
multiplied by the nominal pullout and shear capacities (PnOm,V~O~)given in Table 6.3-1.

RI
P

RI s

Pullout capacity reduction factor for use with Reduced
Inspection Alternative

0.75

Shear capacity reduction factor for use with Reduced
Inspection Alternative

0.75

● Other Effects Do Not Reduce Anchor Ca~acitv. None of the other effects which could
lower the capacity of the anchor are present. The following anchorage inspection checks,
should show that the anchors have full capacity. The checks and the full capacity values
are listed:

Gap Size:

Spacing:

Edge Distance:

Concrete Strength:

For Pullout:

For Shear:

Concrete Cracks:

Essential Relays:

None (Section 6.2.3)

S ~ lQD (Section 6.3.4.1)

E ~ lQD (Section 6.3.5. 1)

~ >4000 psi (Section 6.3.6.1)

~ >3500 psi (Section 6.3.6.1)—

None (Section 6.3.7. 1)

None (Section 6.3.8)

● One Third of Anchors Not Available. The applied seismic and dead loads should be less
than the allowable anchor pullout and shear capacities given above when a third of the
anchors securing the item of equipment are assumed to be unavailable for carrying loads,
i.e., 50$?0more bolts are used to secure the item of equipment than necessary to meet the
allowable loads. There should be at least six anchors securing the equipment with four
assumed to be carrying the load and two not.
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6.3.10 Other Anchor Tv~es

6.3.10.1 Welds to Embedded Steel or Exposed SteelAs

Equipment at DOE facilities are often anchored by welds to steel plates or channels which are
embedded in concrete (see Figure 6.3-1). The strength of such an anchorage depends on the weld
of the equipment to the steel and the shear and pullout resistance of the headed stud that anchors the
steel into the concrete. The following topics are covered in this section:

● Allowable Loads for Typical Welds (Section 6.3.10. 1.1)

● Summary of Equivalent Weld Sizes (Section 6.3.10.1.2)

● Weld Check (Section 6.3.10. 1.3)

● Embedded or Exposed Steel Check (Section 6.3.10.1.4)

The specific checks described in this section should be performed in conjunction with the generic
anchorage installation inspection checks described in the rest of Section 6.2.

6.3.10.1.1 Allowable Loads for Tv~ical Welds~

The allowable loads for typical welds made with E60 electrodes are listed in Table 6.3-13. These
allowable loads are based on a weld stress allowable of 30,600 psi.

Table 6.3-13 Allowable Capacities for Typical Welds (E60 Electrodes)
(Table C.6-1 of SQUG GIP, Ref. 1)

I Weld Sizes I Throat Area I Allowable I
1

t L (A= .707 t L) F
●

(m)
●

● (m)● (ino2) (k$s)

1/8 1/2 0.0442 1.35

1/8 3/4 0.0663 2.03

1/8 1 0.0884 2.70

3/16 1/4 0.0331 1.01

3/16 1/2 0.0663 2.03

3/16 3/4 0.0994 3.04

3/16 1 0.1326 4.06I

1/4 1/4 0.0442 1.35

1/4 1/2 0.0884 2.70

1/4 314 0.1326 4.06

1/4 1 0.1768 5.41

43 Based on Section C.6 of SQUG GIP (Ref. 1)
u Based on Section C.6. 1 of SQUG GIP (Ref. 1)
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Where: t Thickness of the weld leg
L Length of the weld
A Cross-sectional area through the throat of the weld

0.707 t L
Fw= Allowable load capacity of weld

6.3.10.1.2 summary of Equivalent Weld SizesAs

A summary of equivalent weld sizes which have the same capacity as other types of fasteners is
shown in Table 6.3-14.

Table 6.3-14 Summary of Equivalent Weld Sizes
(Table C.6-2 of SQUG GIP, Ref. 1)

Welds Equivalent Bolt Diameter (D, in.)

Typical Size Throat Area Expansion Cast-in-Place
(Lx t, in.) (in.2) Anchor Bolts Anchor Bolts

1/2 X 1/8 0.0442 318 .-
,

1 X 1/8 0.0884 1/2 --

1 X 3/16 0.1326 314 3/8

1 x 1/4 0.1768 3/4 3/8

2 X 3/16 0.2651 718 1/2

2 x 1/4 0.3535 1 5/8

2 X 3/8 0.5305 .- 3/4

45 Based on Section C.6.2 of SQUG GIP (Ref. 1)
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6.3.10.1.3 Weld CheckAG

The welds used for anchoring equipment to embedded or exposed steel should be inspected in the
following areas:

● Determine the overall length (L) and thickness (t) of the welds. The weld thickness should
be limited to the thinnest part of either the weld itself or the connecting part.

● Check for weld burn-through on cabinets made of thin material.

● Check for weld quality, particularly in puddle welds which carry high tension loads.

● The minimum effective length of fillet welds should not be less than 4 times the nominal
size of the weld, or else the size of the weld should be considered not to exceed 1/4 of its
effective length.

6.3.10.1.4 Embedded or Ex~osed Steel CheckAT

The embedded steel or the exposed steel to which the equipment is anchored by the weld should be
evaluated to determine whether it has the capacity to carry the loads applied to it.

The allowable stresses from Part 2 of the AISC code (Ref. 81) maybe used for evaluating the
adequacy of exposed steel and the structural members of an embedded steel assembly. The
guidelines given in Section 6.3 can be used for evaluating the cast-in-place bolts and headed studs
which are apart of the embedded steel assembly.

46 Based on Section C.6.3 of SQUG GIP (Ref. 1)
47 Based on Section C.6.5 of SQUG GIP (Ref. 1)
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6.3.10.2 Lead Cinch Anchors

This section is adapted from Section 4.3 of Part III of SEP-6, Revision 1, “The Procedure for the
Seismic Evaluation of SRS Systems using Experience Data” (Ref. 3), which was developed for the
Savannah River Site (SRS).

Nominal allowable capacities for lead anchors are given in Table 6.3-15. These values are derived
from SRS in-situ test data (Ref. 3) with a factor of safety of at least 4. The derivation of
allowable for lead anchors is consistent with the anchorage methodology of the DOE Seismic
Evaluation Procedure.

Table 6.3-15 Allowable Loads for Inspected Lead Anchors (Table C-1 of Ref. 3)

Bolt Diameter Allowable Allowable Shear
●

(m)9 Tension (lbs.) (lbs.)

3/8 600 400

1/2 870 800

I 5/8 I 970 I 1.400 I

I 3/4 I 1.280 I 2.000 I

I 1 I 3.160 I 3.500 I

The above allowable are to be used for all lead anchors that have been successfully inspected.
Higher tension allowable may be used if the bolt can be torqued to induce the desired tension
load. Figures 6.3-7 to 6.3-10 give the 95$Z0lower confidence bound torque tension correlation
needed to evaluate the proof torque. Note that these curves cannot be extrapolated to give higher
allowable. Following the additional torque check, the gap must be re-evaluated between the top
of the shell and the bottom of the equipment base.

These allowable are applicable if the minimum criteria for bolt to bolt spacing (10D) and bolt to
edge distance ( 10D) are satisfied, and installation adequacy is assured. When the edge distance
and bolt-to-bolt requirements are not met, the allowable can be reduced as for expansion anchors
(see Sections 6.3.4.1, 6.3.5.1, 6.3.6.1, 6.3.7.1, and 6.3.8).
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64● ANCHORAGE DEMAND DETERMINATION

6.4.1 EauiDment Characteristicsqg

To determine the seismic demand on the anchorage of an item of equipment, the following
equipment characteristics should be estimated: mass, location of the center of gravity, natural
frequency, component damping, and equipment base center of rotation for overturning moment.

The mass of the equipment is a primary parameter for determining the inertial loads applied to the
anchorage. Equipment weight can be obtained from drawings and/or original purchase documents,
if available. However, if this information is not available, then conservative estimates of
equipment weight for several equipment classes are discussed below. These estimated masses are,
in general, based on the heaviest (or most dense) item identified during a survey of typical
equipment in each of the equipment classes. For unusual equipment, an independent mass
calculation should be performed or a conservative estimate made.

The location of the center of gravity of the equipment is used to determine the overturning moment
caused by the inertial loads. It should be estimated by performing a visual inspection of the
equipment. If the equipment has relatively uniform density, the center of gravity can be taken at
the geometric center of the equipment. If the mass of the equipment is skewed, then appropriate
adjustments should be made to the center of gravity location. If the equipment mass is centered
significantly offset from the geometric centerline, then this should be noted and torsional effects
included in the anchorage evaluations.

The lowest natural freauency (fn) of the equipment is used to determine the amplified acceleration
of the equipment from the in-structure response spectrum. Only the overall structural modes of the
equipment need be considered for anchorage evaluations. Since equipment-specific information is
normally not available for determining the natural frequency of most types of equipment,
approximate natural frequencies for certain classes of equipment are discussed below as either rigid
(f. > about 20 Hz) or flexible (f. c about 20 Hz). Reference 77 also contains guidance for
estimating the natural frequency of equipment.

The equipment damping should be determined for flexible equipment so that an appropriate in-
structure response spectrum, with the appropriate level of damping, is used to obtain spectral
accelerations. The damping values for certain classes of equipment are discussed below.

The center of rotation of the equipment base is the line on the base about which the equipment
would rotate due to an overturning moment. The location of the center of rotation should be
estimated based on the following guidance. For very rigid equipment bases, such as heavy
machinery on skid mounts, the equipment maybe considered to pivot about its outer edge or far
side bolt centerline. For flexible equipment bases, such as electrical cabinets with light base
framing members, the center of rotation should be taken close to the equipment base centerline.

This remainder of this section contains estimates of equipment mass, natural frequency, and
damping for the various classes of equipment for anchorage evaluations as summarized in Table
6.4-1. For those classes of equipment not covered in Table 6.4-1, the relative flexibility/stiffness
and damping should be estimated based on engineering judgment, past experience, and comparison
to the equipment provided in Table 6.4-1.

The purpose of Table 6.4-1 is to describe generic characteristics which maybe used during
anchorage evaluations in place of equipment-specific data. These generic characteristics typically

48 Based on Sections 441- Check 1 and C. 1 of SQUG GIP (Ref. 1). .

March 1997 6-62



result in larger than actual loadings on the anchorage. However, for unusual items of equipment,
e.g., motor control center weighing 800 pounds with an additional 100 pounds external weight, an
independent check should be made of the reasonableness of the values contained in Table 6.4-1.

The equipment mass contained in Table 6.4-1 is based on the heaviest item found in each of the
classes covered during a survey of equipment. Note that these masses are the same as those used
in the screening tables given in the EPRI Anchorage Report (Ref. 41) except for the motor control
centers which use 625 pounds per cabinet in the screening tables instead of the 800 pounds given
in Table 6.4-1.

Equipment lowest natural frequency is given as a relative rigidity of either “rigid” or “flexible” in
Table 6.4-1. Equipment with a lowest natural frequency of the overall structural mode greater than
about 20 Hz is considered rigid. Equipment with natural frequencies below about 20 Hz are
considered flexible. Note that “rigid” and “flexible” categories of equipment in Table 6.4-1 apply
only to anchorage evaluations.

The relative rigidities given in Table 6.4-1 are for “typical” equipment in DOE facilities. These
generic categories of rigid or flexible should be checked when performing the seismic evaluation,
noting particularly the rigidity or flexibility of the base support system for the equipment and the
rigidity of the anchorage itself. In particular, the estimate for natural frequency of equipment
secured with expansion anchors should take into account the potential for slippage of these types of
anchors. This would be necessary, for example, when natural frequency estimates of equipment
secured with expansion anchors are based on analytical models which used fixed anchor points or
when shake table test results are used in which the equipment was welded to the table.

Data for in-line equipment is not contained in Table 6,4-1.

Figure 6.4-1 provides equations for computing the lowest natural frequency of typical structural
frames.

For rigid equipment, the seismic demand on the equipment can be determined by using the Zero
Period Acceleration (ZPA) of the appropriate floor response spectrum. For flexible equipment, the
peak of the floor response spectrum (for the damping value given in Table 6.4-1) should be used.
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Table 6.4-1 Generic Equipment Characteristics for Anchorage Evaluations
(Table C. I-l of SQUG GIP, Ref. 1)

Equipment Class

Motor Control Centers
(Section 8.1.2)

Low-Voltage Switchgear
(Section 8.1.3)

Medium-Voltage

Switchgear(a)
(Section 8.1.4)

Transformers
(Section 8.1.6)

Horizontal Pumps with
Motors -

(Section 8.2.3)

Vertical Pumps with Motors
(Section 8.2.4)

a. Vertical
Immersion

b. Centrifugal

c. Deep-Well

Air Compressors
(Section 8.2.6)

Typical Maximum Weight
or Weight Density

800 lb per cabinet(d)

35 lb/ft3

31 lb/ft3

Rating (KVA) .YY@@@l

3,000 15,000
2,500 11,050
2,000 9,400
1,000 6,300

100 975

Power (HP) Weight (lb)

1,000 20,000
600 16,500
500 12,000
400 8,600
200 6,000
100 3,600

Power (HP) Weight (lb)

150 4,000

500 9,000
2,000 48,000

500 9,000
(motor)

14,000
(pump)

Power (HP) ~

50 4,000
200 10,000

Typical Natural

Frequency(b) and
Damping
Flexible

5% Damping

Flexible
5% Damping

Flexible
5% Damping

Flexible
5% Damping

Rigid
5% Damping(c)

Flexible
3% Damping

Rigid
5% Damping(c)

Flexible
3% Damping

Rigid
5% Damping(c)
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Table 6.4-1 (Continued)

Equipment Class Typical Maximum Weight Typical Natural
or Weight Density Frequency(b) and

Damping
Motor-Generators (Not Available) Rigid

(Section 8.2.7) 5% Damping(c)

Batteries on Racks 0.11 lb/in3 for batteries, Flexible
(Section 8.1.1) plus weight of racks 5% Damping

Battery Chargers and Inverters 45 lb/ft3 Flexible
(Section 8.1.7) 5% Damping

Engine-Generators (Not Available) Rigid
(Section 8.2.8) 5% Damping(c)

Instrument Racks 20 lb/ft2 of vertical face Flexible
(Section 8.1.9) 3% Damping

Generic Equipment Cabinets 3 times the weight of cabinet Flexible
(Section 8.1.5) housing 5% Damping

Walk-Through Control Panels Determine and use weight Flexible
(Section 8.1.8) per foot of length 5% Damping

(a)

(b)

(c)

(d)

6.4.2

Medium voltage switchgear are called “Metal-Clad Switchgear” in Reference 41.

The lowest natural frequencies of the overall structural mode are given as either Rigid
(> about 20 Hz) or Flexible (< about 20 Hz) and apply only to anchorage evaluations.

A damping value of 5% can be used for rigid equipment since the seismic accelerations
can be taken from the ZPA which is not affected significantly by damping level.

Note: When using the screening tables in the EPRI Anchorage Report (Reference 41),
an average weight per MCC section of 625 pounds was used rather than the 800
pounds shown in this table.

Seismic Loads4g

The next step in evaluating the seismic adequacy of anchorage is to determine the loads applied to
the anchorage by the seismic demand imposed on the item of equipment. This is done using the
following five steps:

1 ● Determine the appropriate input seismic accelerations for the item of equipment for each of
the three directions of motion.

2 ● Determine the seismic inertial equipment loads for each of the three directions of motion
using the equivalent static load method.

49 Based on Section 4.4.3 of SQUG GIP (Ref. 1)
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3 ● Determine the seismic inertial anchor loads by calculating the various load components for
each direction of motion.

4 ● Calculate the combined seismic loads on each anchor from each of the three directions of
seismic motion. Then combine the load components from these three directions using the
Square Root Sum of the Squares (SRSS) method.

5 ● Calculate the total anchor loads on each anchor by adding the combined seismic loads to the
equipment deadweight loads and any other loads on the equipment.

These five steps are described below:

Step 1- Immt Seismic Accelerations. The first step in determining the seismic demand loads on the
anchorage is to compute the input seismic accelerations from an appropriate in-structure response
spectrum, at the damping and natural frequency of the equipment, for the location in the facility
where the equipment is mounted. Section 5.2.2 discusses the techniques for determining the
scaled in-structure response spectrum (SDS) which is computed from the Design Basis Earthquake
(DBE).

If the equipment is located in an area where there are two applicable lateral response spectra
(nominally one N-S and one E-W), then one of the following alternatives can be used to define a
single horizontal seismic demand acceleration for load calculation:

● Use the higher acceleration for both horizontal directions.

● Use the acceleration value (either N-S or E-W) which aligns with the direction of the
“weak” anchorage for that item of equipment.

● Use the actual direction N-S and E-W accelerations for the N-S and E-W loads on each
item of equipment.

The vertical component of acceleration should be the appropriate site-specific fraction of the
horizontal component of acceleration. For most equipment classes, the vertical direction
fundamental frequency is in the rigid range.

The following factors which should be considered in determining the input seismic accelerations
are covered below: equipment damping, natural frequency of the equipment, and use of
unbroadened response spectra.

Eaui~ment Danming. A 5% damping value can be used in anchorage evaluations for most
of the equipment classes covered by this procedure. Section 6.4.1 lists the equipment
classes for which 59i0damping is recommended. This level of damping is adequate for
these classes because the equipment either exhibits this level of damping or it is essentially
rigid (natural frequency greater than about 20 Hz) so that the damping level is nearly
irrelevant. Section 6.4.1 also lists the classes of equipment which have lower damping
(3% damping) and which are, in general, flexible. This equipment includes electrical
equipment and some types of Vertical Pumps. It should be evaluated that the equipment
does not have unusual features which could lower its damping below the values given in
Section 6.4.1.

In-structure response spectra for the facility may not be available at the 5% or 3% damping
levels recommended in this procedure for anchorage evaluations. Therefore available
response spectra may be normalized to the desired spectral damping level using one of the
methods from Appendix A of Reference 19.
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For in-structure response spectra which have a shape similar to the Reference Spectrum,
(without very narrow peaks) the spectral acceleration for a desired damping ratio ~~ can be

estimated from an available response spectrum with a damping ratio of PA by using the
following relationship:

b

Sa Sa
/

P— A
iD — iA —

P D

However this spectral acceleration Sam is limited to:

Sa iD ~ ZPA

for frequencies (fi) in the high frequency region; i.e. frequencies greater than the frequency
associated with the peak of the response spectrum.

The meaning of the symbols used above is as follows:

available spectral acceleration at frequency fi associated with a damping

ratio PA

desired spectral acceleration at frequency fi associated with a damping

ratio ~D

damping ratio of available response spectrum

damping ratio of desired response spectrum

Zero Period Acceleration

frequency of interest

Natural Freauencv. The lowest natural frequency (f~) of the equipment maybe estimated
by past experience with testing or analysis. The natural frequency of the equipment can be
determined during the inspection of the anchorage installation. Note that reasonable
estimates of equipment natural frequency for several equipment classes are given in Section
6.4.1 as either rigid (f~ > about 20 Hz) or flexible (f~ < about 20 Hz). The following
classes of equipment can generally be considered as rigid (i.e., natural frequency greater
than about 20 Hz) if anchored stiffly:

● Horizontal Pump (Section 8.2.3)

● Air Compressors (Section 8.2.6)

● Motor-Generators (Section 8.2.7)

● Engine-Generators (Section 8.2.8)

Rigid equipment can use a damping value of 5% since it is not significantly amplified over
the Zero Period Acceleration (ZPA).
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If the natural frequency of the equipment is estimated to be high (i.e., greater than about 20
Hz), then the equipment should be considered “rigid” and the Zero Period Acceleration
(ZPA) should be used for anchorage load calculations. If the natural frequency is estimated
to be below about 20 Hz, then the equipment should be considered “flexible” and the peak
of the response spectrum may conservatively be used for anchorage load calculations. If
the natural frequency of the equipment is known (by calculation, test, or other means), the
maximum acceleration from the response spectrum for the frequency range of interest (from
equipment natural frequency to 33 Hz) can be used instead of the peak.

Unbroadened Response Spectra. Unbroadened in-structure response spectra can be used
for comparison to seismic capacity spectra. Uncertainty in the natural frequency of the
building structure should be addressed by shifting the frequency of the seismic demand
response spectrum at these peaks. A reference or basis for establishing the degree of
uncertainty in the natural frequency of the building structure should be included in the
facility-specific seismic evaluation records. The method of peak shifting discussed in
ASCE 4 (Ref. 74) may also be used.

Step 2- Seismic Inertial Equipment Loads. The second step in determining the seismic demand
loads on the anchorage is to compute the seismic inertial equipment loads for each of the three
directions of motion using the equivalent static load method. In this method, the seismic analysis
is performed statically by applying the inertial load at the center of gravity of the equipment. The
inertial load in each direction is equal to the product of the input seismic accelerations, an
equivalent static coefficient, and the mass of the equipment.

An equivalent static coefficient of 1.0 can be used for the classes of equipment covered by this
procedure; the basis for this is described in Reference 41. The mass of the equipment is
determined during the inspection of the anchorage installation. Note that conservative estimates of
equipment mass for several equipment classes are given in Section 6.4.1.

Step 3- Seismic Inertial Anchor Loads. The third step in determining the seismic demand loads on
the anchorage is to compute the seismic inertial anchor loads for each of the three directions of
motion. This is done by applying the seismic inertial equipment loads determined in the previous
step to the center of gravity of the item of equipment and calculating the free-body loads on the
anchors. The location of the center of gravity of the equipment is determined during the inspection
of the anchorage installation. The location of the center of gravity can be taken as the geometric
center of the equipment if the equipment is of uniform density. If the mass of the equipment is
skewed, then appropriate adjustments should be made to the center of gravity location.

The following types of seismic inertial anchor loads should be determined. Note that these loads
are applicable whether the equipment is mounted on the floor, wall, or ceiling.

● Anchor shear loads due to the lateral component of force caused by the seismic inertial
equipment loads, including, if significant, the anchor shear loads due to any torsional
moments (center of gravity is not in line with the centroid of the group of anchors).

● Anchor pullout loads due to the overturning moment caused by the seismic inertial
equipment loads, with an appropriately estimated location of the overturning axis.
Guidance on estimating the location of the overturning axis is given below.)

● Anchor pullout loads caused by the seismic inertial equipment loads due to the component
of force which is in line with the axes of the anchor bolts; e.g., for floor-mounted
equipment include the vertical component of the seismic load.
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The anchor loads caused by the equipment overturning moment can be based on the assumption
that plane sections remain plane during loading and that the material in the equipment and the
anchors behave in a linear-elastic manner. This results in a linear distribution of anchor loads for a
set of anchors which are equal in stiffness and size.

The recommended location for the overturning axis is at the equipment centerline for equipment
with flexible bases. For rigid base equipment, the overturning axes can be taken at the edge of the
equipment. Reference 78 contains discussion on locating the overturning axes.

Ste~ 4- Combined Seismic Loads. The fourth step in determining the seismic demand loads on
the anchorage is to compute the combined seismic anchor loads of the seismic loads on each anchor
from the three directions of earthquake motion. The combined loads can be computed with a
combination technique such as the Square Root Sum of the Squares (SRSS) or the 100-40-40
Rule.

Step 5- Total Anchor Loads. The total loads on the anchorage are computed by combining the
combined seismic anchor loads from the previous step to the equipment deadweight loads and any
other significant loads which would be applied to the equipment, e.g.; pipe reaction loads on
pumps.
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where A= cross-sectional area,
E = modulus of elasticity,
I = moment of inertia cross-sectional of area,

b, L G length,
h = height,
X = average cross-sectional area.

Figure 6.4-1 Stiffness Equations for Structural Frames (Reference 76)
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65 COMPARISON OF CAPACITY TO DEMAND 50
●

The final main step in evaluating the seismic adequacy of anchorage is to compare the seismic
capacity loads of the anchors (determined in Section 6.3) to the total anchor loads (determined in
Section 6.4). This comparison can be done using the shear-tension interaction formulations given
below for each of the anchor types covered by this procedure.

6.5.1 Ex~ansion Anchorssl

When expansion anchors are subjected to simultaneous shear and tension, one of the following
shear-tension interaction formulations should be used. The linear formulation is conservative. The
hi-linear formulation is more realistic. Figure 6.5-1 illustrates these formulations.

● Linear Formulation (conservative)

v P
+ < 1.0

v all P all

● Bilinear Formulation (more realistic)

P
— s 1.0
Pall

for
v

— s 0.3
v all

07
P v

— S 1.0 for 0.3 e
v

● —+ — < 1.0
Pall v all v all

Where: P = Applied pullout loads due to earthquake plus dead loads.

v Applied shear loads due to earthquake plus dead loads.

P all = Allowable pullout capacity load for the anchor.

v all = Allowable shear capacity load for the anchor.

6.5.2 Cast-in-Place Bolts and Headed Studssz

For existing cast-in-place bolts subjected to simultaneous shear and tension, the shear-tension
interaction depends on the anticipated ftilure mode. Figure 6.5-2 presents the interaction curves
for cast-in-place bolts for failure in the bolt steel or failure in the concrete. Because the anchorage
criteria in this procedure and Reference 41 for cast-in-place bolts and headed studs are based on an
additional factor of safety of 1.5 against failure not occurring in the concrete, it is recommended
that the interaction formulation for steel failure be used.

50 Based on Section 4.4.4 of SQUG GIP (Ref. 1)
51 Based on Section C.2. 11 of SQUG GIP (Ref. 1)
52 Based on Section C.3.7 of SQUG GIP (Ref. 1)
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6.5.3 Cast-in-Place J-Boltsss

It is left to the user to select an appropriate shear-tension interaction formulation for use with J-
bolts when both tension and shear loads are significant.

6.5.4 Grouted-in-Place Boltss4

For grouted-in-place bolts subjected to simultaneous shear and tension, the guidelines given in
Section 6.5.2 for cast-in-place bolts may be used to compare the allowable loads to the applied
loads.

6.5.5 Welds to Embedded Steel or Exposed Steelss

When welds are subjected to simultaneous shear and tension, the allowable loads can be compared
to the applied loads using the following shear-tension interaction formulation:

Where: P = Pullout (tensile) load applied to weld [kip]

v Shear load applied to weld [kip]

Fw= Allowable load for weld from Table 6.3-13 [kip]

53 Based on Section C.4.7 of SQUG GIP (Ref. 1)
54 Based on Section C.5.4 of SQUG GIP (Ref. 1)
55 Based on Section C.6.4 of SQUG GIP (Ref. 1)
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Figure 6.5-1 Shear-Tension Interaction Limitations for Expansion Anchors
(Reference 41) (Figure C.2-4 of SQUG GIP, Reference 1)
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Figure 6.5-2 Shear-Tension Interaction Limitations for Cast-In-Place Bolts and
Headed Studs (Reference 41) (Figure C.3-2 of SQUG GIP,
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